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8EWER  ASSESSMENTS. 

By    F.    Herbert    Snow,    Member,  of   the    Boston    Society    of    Civil 

Engineers. 

[Read  before  the  Society,  December  i6,  1896.*] 

Mr.  President  and  Gentlemen: 

In  preparing  this  paper  I  have  drawn  to  quite  an  extent  from 
a  former  report  to  the  Sewerage  Commissioners  on  a  sewer  tax  for 
the  city  of  Brockton.  This  place  is  a  thriving  inland  city  of  35,000 
people,  20  miles  out  of  Boston  on  the  Old  Colony  division  of  the 
New  York,  New  Haven  and  Hartford  Railroad.  The  sewers  are 
of  the  separate  system,  and  the  sewage  is  collected  in  a  reservoir 
and  pumped  three  miles  to  an  area  upon  which  it  is  treated  by  in- 
termittent downward  filtration. 

fundamental    object    of    ASSESSMENT. 

It  is  probable  that  the  idea  of  assessments  to  help  pay  the  cost 
of  drainage  originated  in  the  early  times  when  it  was  not  consid- 
ered practicable  to  effect  drainage  by  public  ownership.  Under 
the  law,  the  individual  could  lay  and  maintain  a  drain  in  a  public 
way  at  his  own  expense,  subject  to  the  approval  of  the  Selectmen; 
but  if  it  became  desirable  to  have  abutting  estates  connected  with 
the  drain,  such  connection  could  not  be  had  except  by  the  pay- 
ment, to  the  builder  or  owner,  of  such  a  sum  of  money,  proportion- 
ate to  the  benefit  derived,  as  the  Selectmen  should  determine. 

In  time,  the  administration  of  the  law  became  most  unsatisfac- 
tory. Certain  individuals  would  construct  a  sewer  to  benefit  their 
particular  estates  without  regard  to  the  proper  drainage  of  other 

*Manuscript  for  advance  sheets  received  November  14,  1896. — Secretary 
Ass'n  of  Eng.  Socs.  i 
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property.  The  owners  of  this  other  property  were  obHo^ed,  later, 
in  connecting-  with  the  sewer,  to  pay  for  drainage  which  was  not 
adequate  or  complete.  These  methods  of  proceeding,  and  par- 
ticularly private  ow-nership  of  the  drains  intended  for  common 
use,  fostered  unprofitable  disputes,  jealousies  and  neighborhood 
quarrels. 

As  towns  grew  and  private  drains  increased  in  number,  the 
necessity  of  system  and  absolute  public  ownership  became  felt,  and 
laws  were  enacted  to  bring  about  these  results.  But. there  does 
not  appear  to  have  been  any  opposition  to  the  original  idea  of  mak- 
ing owners  of  estates  specially  benefited  pay  a  proportionate  part 
of  the  cost,  since  all  the  new  laws  contained  ample  provisions  for 
assessments. 

Now,  the  design  of  a  pul)lic  system  of  sewers  is  to  drain  every 
house  or  building  in  the  system.  A  small  sewer  is  suflficient  for  the 
drainage  of  a  few  houses,  but  the  sewer  into  which  it  and  other 
pipes  discharge  must  be  larger,  and  the  one  into  which  they  all 
discharge,  larger  still,  so  that  small  and  large  sewers  are  alike  es- 
sential for  the  efTficient  drainage  of  single  estates.  So  also  may  be 
the  receiving  tanks,  the  pumping  station,  force  main,  filter  beds  or 
other  disposal  works  if  they  are  provided. 

But  in  some  systems  there  are  provisions  made  and  items  of 
expense  which  benefit  the  general  public  and  not  individuals.  For 
instance,  storm  water,  when  allowed  to  accumulate  on  the  surface 
of  streets,  becomes  a  public  nuisance;  hence  the  public  should  pay 
for  its  removal.  In  many  instances,  cities  assume  the  w^hole  ex- 
pense of  this  kind  of  work. 

We  shall  agree  that  public  benefits  should  be  paid  by  the  pub- 
lic. Just  how  much  public  interest  in  the  sewers  should  amount 
to  in  assessment  should  be  settled  by  local  conditions.  Where 
the  surface  water  drains  and  common  sewers  are  combined  in  one 
system,  then  the  general  public  benefit  is  much  larger  than  in  the 
separate  system.  The  practice  is  becoming  general  to  build  sepa- 
rate conduits  for  the  conveyance  of  sewage,  putting  off  until  future 
years  the  construction  of  complete  systems  of  storm  water  drains. 
In  case  the  drainage  of  water  from  streets  is  thrown  out  and  placed 
among  the  problems  of  the  future,  the  general  public  interest  in  a 
sewerage  system  is  cleanliness  of  soil,  purity  of  air,  and  purity  of 
water.  There  may  be  actual  benefits  accruing  to  the  whole  city 
from  the  introduction  of  a  sewerage  system  beside  that  of  im- 
proved sanitation,  such  as  its  commercial  value  and  the  moral  in- 
fluence it  has  in  maintaining  and  elevating  the  good  name  of  the 
community.  No  one  can  tell  how  much  these  benefits  may  amount 
to,  but  they  are  not  to  be  overlooked. 
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Taking-  everything  into  account,  it  is  the  custom  to  consider 
not  less  than  one-fourth  of  the  total  benefit  received  as  a  public 
benefit,  and  legislation  substantiates  this  view. 

It  is  also  fair  to  agree  that  private  benefits  should  be  paid  by 
individuals,  since  the  fundamental  object  of  assessments  is  equality. 
Some  cities  assess  the  whole  cost  upon  the  property  in  the  district 
sewered;  others  assess  a  part  of  the  cost;  and  still  others  pay  the 
total  cost  out  of  the  tax  levy,  thereby  admitting  no  special  benefits. 

Now,  if  the  method  of  paying  for  a  sewerage  system  is  accord- 
ing to  benefits  received,  outer  districts  should  pay  the  smaller  part 
and  the  district  sewered  the  larger  part  of  the  cost.  It  is  important 
to  bear  in  mind  constantly  that  it  is  the  congested  district  only 
which  demands  efficient  and  complete  removal  of  sewage;  for  be- 
yond this  district,  unsanitary  methods  do  not  usually  produce  an- 
noyance of  enough  magnitude  to  be  called  a  public  nuisance,  the 
only  remedy  for  which  is  adequate  sewerage.  Residents,  whose 
principal  interests  are  outside  of  the  congested  district,  usually  ob- 
ject to  a  large  sewer  tax.  They  say  that  if  outlying  districts  which 
may  ultimately  come  into  the  system,  are  compelled  to  contribute 
equally  to  the  cost  with  those  first  benefited,  it  is  manifestly  unjust. 
On  the  other  hand,  there  is  injustice  in  making  property  in  the 
congested  district  pay  for  the  increased  capacity  of  sewers  which 
will  be  used  only  by  the  outer  district. 

Now,  by  provisions  of  statutory  law,  it  is  the  duty  of  those  in 
authority  to  use  just  and  equitable  methods  in  apportioning  the 
cost  of  sewerage.  This  cannot  be  done  unless  the  matter  is  thor- 
oughly looked  into  and  clearly  understood. 

Every  investigator  can  find  facts  to  satisfy  himself  that,  up  to 
the  present  time,  sewer  assessments  generally  have  not  been  made 
proportionate  to  benefits  received. 

The  latitude  which  the  law  of  Massachusetts  prescribes  for  the 
determination  of  ways  of  assessment,  is  sufficiently  broad  to  allow 
of  most  unjust  and  inequitable  methods. 

THE    FRONTAGE    PLAN. 

It  is  under  authority  of  Chapter  50,  Section  7,  ®f  the  Public 
Statutes  that  the  method  of  assessment  can  be  made  upon  owners 
of  estates  within  the  territory  to  be  sewered  by  a  fixed  uniform 
rate,  based  upon  the  estimated  average  cost  of  all  sewers  therein, 
according  to  the  frontage  of  such  estates  on  any  street  or  way 
where  a  sewer  is  constructed. 

The  accompanying  sketch  will  show  plainly  the  injustice  of 
assessing  the  cost  of  the  sewers  on  the  basis  of  frontage  alone.    The 
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instances  cited  are  not  in  the  least  exaggerated.  They  are  such 
cases  as  may  be  found  in  any  city  or  town,  and  which  wih  make 
themselves  very  prominent  after  a  system  of  assessment  by  front- 
age is  adopted. 

We  will  assume,  for  the  purpose  of  comparison,  that  the  rate 
per  front  foot  is  one  dollar. 

In  the  case  of  the  lot  marked  A,  a  man  of  means  has  built  him 
a  fine  residence  on  a  large  corner  lot,  and  if  corner  lots  are  not  ex- 
empted on  one  street,  he  will  pay  $300  towards  the  cost  of  the 
sewers.  If  corner  lots  are  exempted  on  one  street,  his  assessment 
will  be  $150.  Another  man,  owning  lot  C,  which  has  the  same 
frontage  as  A,  builds  upon  it  four  two-tenement  houses  and  con- 
nects them  with  the  sewer.  For  the  privilege  of  having  the  sewage 
of  these  eight  families  taken  away  he  pays  $150.  A  still  more  un- 
just possibility  is  represented  in  B;  here  the  frontage  is  only 
eighty  feet,  and  yet  there  are  five  houses  entering  the  sewer,  possi- 
bly double  houses  at  that.  The  lots  marked  D  and  E  are  self- 
explanatory.  On  D  is  a  large  hotel,  and  consequently  a  large 
amount  of  sewage.  Lot  E  is  yet  unoccupied,  D  would  pay  $50' 
and  E  $500,  whereas  the  sewer  for  D  would  mean  a  considerable 
sum  of  money  actually  saved  each  year,  and  E's  benefit  would  be 
entirely  potential. 

A  perfectly  ccjuitable  determination  of  the  amount  which 
should  be  assessed  per  front  foot,  where  this  system  is  adopted, 
requires  a  prophetic  knowledge  of  the  total  cost  of  the  sewers  and 
the  frontage  on  the  streets  in  which  they  will  be  located.  Such 
foresight  being  denied,  the  study  should  be  to  formulate,  if  possi- 
ble, an  assessment  which  will  be  fair  at  first,  and  also  fair  as  the  sys- 
tem is  extended.  Plans  and  estimates  must  of  course  be  first  pre- 
pared. If  the  sewer  system  be  comprehensive,  and  the  entire  town 
be  considered  in  determining  the  rate  of  assessment,  the  rate  will 
be  too  small,  for  there  are  streets  in  which  the  sewers  will  not  be 
built  for  many  years,  and  perhaps  never.  On  the  other  hand,  if  too 
little  territory  be  included,  the  rate  will  be  too  large,  as  extensions 
will  be  made  into  territory  not  contemplated.  It  is  thought  that  in 
determining  the  rate,  that  portion  of  the  city  or  town  in  which  it 
is  assumed  that  sewers  will  be  built  within  a  reasonable  number  of 
years,  should  be  alone  considered. 

THE    AREA    PLAN. 

It  is  under  authority  of  Chapter  50,  Section  7,  of  the  Public 
Statutes,  that  the  method  of  assessment  can  be  made  upon  owners 
of  estates  within  the  territory  to  be  sewered,  by  a  fixed  uniform 
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rate,  based  upon  the  estimated  average  cost  of  all  the  sewers  therein 
according  to  the  area  of  such  estates  within  a  fixed  depth  from  such 
street  or  way  where  a  sewer  is  constructed. 

To  show  the  inequaHties  in  the  system  of  assessment  by  area 
attention  is  called  to  the  following  sketch: 

The  three  lots  marked  A,  B  and  C  would  have  to  pay  equal 
sums,  while  A  could  put  up  three  houses  fronting  on  the  street,  B 
only  two,  and  C  one  only.  The  land  marked  D,  being  nearly  all 
back  land,  is  of  less  value  for  building  purposes,  though  it  would 
have  to  pay  much  more  than  A  and  B  combined.  F,  having  only 
one  frontage,  would  have  to  pay  an  equal  sum  with  E,  who  has 
three  frontages  and  an  opportunity  to  build  five  houses  on  the 


Fig.  I. 


street.     The  lots  marked  G,  Hand  I  plainly  derive  more  benefit 
from  sewers  than  do  lots  of  equal  depth  fronting  on  one  street  only. 

FRONTAGE  AND  AREA  COMBINED. 

It  is  under  authority  of  Chapter  50,  Section  7,  of  the  Public 
Statutes  that  the  method  of  assessment  can  be  made  upon  owners 
of  estates  within  the  territory  to  be  sewered  by  a  fixed  uniform 
rate,  based  upon  the  estimated  average  cost  of  all  sewers  therein, 
according  to  both  the  frontage  of  such  estates  on  any  street  or  way 
where  a  sewer  is  constructed,  and  the  area  within  a  fixed  depth 
from  such  street  or  way. 

We  have  shown  that  the  frontage  system  of  assessment  favors 
deep  lots  and  works  injustice  to  shalloAv  ones;  we  have  also  shown 
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that  the  area  system  favors  shallow  lots  and  works  injustice  to  deep 
lots.  A  combination  of  the  two  methods  is  adopted  in  some  cities 
to  obviate  this  discrimination. 

If  the  assessments  are  divided  between  area  and  frontage  de- 
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Fig.  2. 

pending  u])on  the  relative  value  of  each,  absolute  luiiformity  cannot 
be  secured  in  devising  a  rule,  since  the  ratio  of  value  of  area  and 
frontage  is  seldom  twice  alike.     Yet  an  average  for  the  entire  sys- 
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tern  may  be  assumed  and  a  rule  formulated  which  will  be  more 
e(juitable  than  if  the  ratio  were  to  be  determined  from  time  to  time 
bv  the  exercise  of  individual  judgment. 

Generally  the  greater  the  area  which  can  be  sewered,  the 
greater  the  benefit,  for  with  increase  in  area  comes  the  ability  to 
put  up  more  buildings  which  may  be  sewered,  while  increase  in 
frontage  may  afiford  no  opportunity  for  the  erection  of  suitable 
buildings. 

The  following  sketch  will  illustrate  this  point: 
There  are  two  lots,  A  and  B,  of  equal  frontage  and  area;  sup- 
pose A  to  be  doubled  in  area  without  increasing  its  frontage,  and  B 
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Fig.  3. 

to  have  its  frontage  doubled  without  increasing  the  area.  It  is 
evident  that  A's  ability  to  use  the  sewer  is  greater  than  B's,  al- 
though B  can  enter  more  readily.  In  the  case  of  C  and  D,  the  lots 
are  of  practically  the  same  size,  but  D  has  practically  no  frontage 
and  C  has  much.  It  is  certain  that  D  should  pay  more  than  half 
as  much  as  C. 

There  can  be  no  doubt  but  that  the  area  is  a  more  important 
factor  than  frontage,  and  so  should  pay  a  somewhat  larger  propor- 
tion of  the  cost. 
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A  common  division  is  to  assess  about  six-tenths  of  the  cost  on 
the  area  and  four-tenths  on  frontage.  On  this  basis,  assuming-  the 
amount  per  square  foot  of  area  to  be  one  cent  and  the  rate  per  foot 
of  frontage  to  be  fifty  cents,  and  applying  these  figures  to  the  prop- 
erty shown  in  the  sketch,  the  following  results  would  be  reached: 
A  and  B  would  originally  pay  $30  for  frontage  and  $36  for  area,  or 
a  total  of  $66;  with  the  lots  changed  as  indicated  in  the  sketch,  A 
would  pay  a  total  of  v$i02  and  B  would  pay  $96.  C  would  pav  $75 
for  frontage  and  $90  for  area,  making  a  total  of  $165,  while  D 
would  pay  $12  for  frontage  and  $90  for  area,  or  a  total  of  $102. 

TFTE    ENTRANCE    FEE    PLAN. 

It  is  under  tlie  authority  of  Chapter  50,  Section  8,  of  the  Pub- 
lic Statutes,  that  instead  of  paying  an  assessment,  every  person 
who  uses  main  drains  or  common  sewers  in  any  manner  shall  pay 
for  the  permanent  privilege  to  his  estate  such  reasonable  sum  as  the 
Mayor  and  Aldermen  shall  determine. 

A  reasonable  sum  for  the  permanent  use  of  a  sewer  should  be 
an  equitable  sum.  How^  can  this  be  determined?  First,  the  whole 
munber  of  buildings  in  the  district  can  be  counted  and  a  uniform 
price  fixed  for  each  connection.  It  is  not  safe,  however,  to  assume 
that  over  one-half  of  the  buildings  will  be  ^voluntarily  conected, 
and  there  is  no  law  that  can  force  a  connection  where  the  estate  is 
not  a  sanitary  nuisance.  This  does  not  take  into  account  future 
occupancy  of  vacant  lots;  or,  second,  a  schedule  of  charges  can  be 
based  upon  the  assumption  that  an  entrance  to  the  sewer  on  each 
side  will  sometime  be  made  every  sixty  feet  or  so,  and  the  cost  can 
be  divided  among  the  total  number  of  such  entrances.  By  this 
latter  method,  a  certain  part  of  the  cost  belonging  to  abutters  to 
pay,  has  to  be  raised  by  tax  levy. 

The  great  objection  to  this  plan  is  that  a  uniform  price  for  a 
single  connection  is  not  one  of  equality,  since  one  connection  may 
furnish  facilities  for  draining  one  tenement,  while  another  may  ulti- 
mately drain  several. 

Some  places  have  adopted  the  method  of  making  a  fixed 
charge  for  connecting,  according  to  the  kind  of  building  to  be  con- 
nected. This  method  recognizes  that  some  estates  are  benefited 
more  than  others;  also  that  the  cost  to  the  individual  should  be 
levied  in  proportion  to  the  benefit  and  not  in  proportion  to  the 
cost  of  the  sewer.  This  is  fair  as  far  as  it  goes,  but  the  benefit  to 
land  is  not  considered. 

Legal  authorities  have  concluded  that  if  a  benefit  accrues  to 
land  by  means  of  a  sewer,  the  owner  may  be  assessed  w^hether  he 
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chooses  to  avail  himself  of  the  sewer  or  not.  Where  an  entrance 
fee  only  is  charged,  the  benefit  accruing  to  a  vacant  lot  is  not  as- 
sessed. The  owner  sells  the  land  at  an  advanced  price  and  pockets 
all  the  gain.     This  is  not  fair. 

THE    VALUATION    PLAN. 

The  early  ordinances  of  Boston  prescribed  that  every  person 
connected  with  a  sewer  should  be  assessed  according  to  the  value 
of  his  estate,  as  shown  upon  the  assessors'  books,  such  a  sum  as 
should,  in  the  opinion  of  the  Aldermen,  be  just  and  reasonable. 

In  1869  an  ordinance  was  in  force  which  prescribed  a  change 
in  this  respect,  that  the  person  or  estate  benefited  should  be  as- 
sessed upon  the  vahie  of  the  land,  exclusive  of  the  buildings  or  im- 
provements thereon,  and  not  upon  the  assessed  valuation  of  the 
entire  estate,  as  formerly. 

For  some  wise  reason,  the  Legislature  modified  the  law  and 
established  the  principle  that  assessments  may  be  levied  without 
reference  to  the  z'alue  of  the  land. 

Section  4,  of  Chapter  50,  previously  quoted,  under  authority 
of  which  the  Mayor  and  Aldermen  or  Selectmen  could  assess  the 
total  cost  of  sewers  upon  the  value  of  land,  if  they  so  determined, 
has  been  amended,  so  that  now  only  three-fourths  of  the  cost  can 
be  so  assessed.     To  what  extent  should  this  privilege  be  exercised? 

Now  the  authorities  are  bound  to  tax  estates  in  proportion  to 
the  benefits  conferred.  The  law  does  not  confer  upon  them  the 
right  to  tax  an  estate  except  for  the  benefit  that  is  conferred.  If 
there  is  no  benefit  there  can  be  no  tax.  If  there  is  a  direct  special 
benefit,  the  estate  should  pay  for  this  particular  benefit,  and  in  di- 
rect proportion,  as  far  as  practicable. 

Now  the  benefits  of  sewerage  are  not  in  ratio  of  valuation. 
For  instance,  A  owns  land  which  is  worth  $2  per  square  foot;  B 
owns  property  which  is  worth  ten  cents  per  square  foot.  By  put- 
ting in  a  sewer,  B's  land  is  enhanced  in  value  ten  cents  per  square 
foot,  or  practically  100  per  cent.,  while  A's  land  is  enhanced  the 
same  amount — ten  cents— or  an  advance  of  5  per  cent.  For  this 
5  per  cent,  advance,  A  pays  ten  times  more  than  B,  though  B  ob- 
tains an  advance  of  100  per  cent. 

Again,  a  sewer  may  not  be  worth  any  more  to  a  house  on  A's 
high-priced  land  than  to  one  on  B's  low-priced  land.  In  fact, 
where  there  are  no  sewers  usually  the  cost  of  removing  the  con- 
tents of  privy  vaults  is  a  uniform  price  per  load,  without  respect  to 
the  building  from  which  it  is  taken.  Would  there  be  any  justice 
in  the  plan  of  obliging  A  because  his  land  is  worth  $2  a  foot,  to 
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pay  $2  per  load,  and  B,  whose  land  is  worth  ten  cents  a  foot,  to 
pay  ten  cents  a  load?     Yet  this  is  the  principle  of  valuation. 

Again,  two  properties  may  have  an  equal  valuation  and  yet 
not  derive  equal  benefits.  One  value  might  be  in  a  water  privi- 
lege, and  another  in  a  hotel.  Often  social  tendencies  render  prop- 
erty more  valuable  on  one  street  than  on  another,  and  afTect  rents. 
But  who  would  care  to  say  that  relative  desirability  of  lots  for  resi- 
dential purposes  indicated  relative  sewerage  benefits?  Is  it  not 
the  use  of  the  sewer  wdiich  largely  determines  the  benefit?  The 
benefit  to  the  user  may  be  explained  by  the  quantity  of  sewage  he 
puts  into  the  sewer,  but  valuation  does  not  take  this  into  account. 
If  this  method  were  attempted,  with  equal  justice  a  person  could  be 
required  to  pay  for  water,  or  gas  or  car  fares,  or  anything  purchas- 
able, according  to  the  valuation  of  his  estate. 

Now  while  the  cost  of  sewerage  may  be  assessed  according  to 
the  valuation  of  properties  benefited,  assessments  which  are  neither 
just  nor  reasonable  are  at  variance  with  the  intentions  of  statutory 
law,  and  hence  liable  to  be  set  aside.  As  equity  and  law  go  hand 
in  hand,  the  priciple  of  sewer  assessment  based  upon  valuation  does 
not  seem  well  founded. 

GENERAL    TAXATION, 

Before  any  assessment  system  can  be  devised,  the  question 
must  be  settled, — how  much  is  the  public  to  pay?  Section  9,  of 
Chapter  245,  of  the  Acts  of  1892,  provides  that  every  city  or  town 
shall  pay  a  part  of  the  cost  of  the  sewerage  system,  which  in  no 
case  shall  be  less  than  one-quarter  nor  more  than  Hvo-thirds.  The 
public  share  is  levied  upon  personal  property  as  well  as  real  estate. 
While  it  is  fair  to  tax  personal  property,  it  ought  not  to  be  taxed 
as  much  as  real  estate,  since  the  latter  is  enhanced  in  value,  while 
personal  property  is  not.  The  general  tax-rate  cannot  discrimin- 
ate, therefore  the  larger  the  public  share  the  greater  the  injustice  to 
personal  property. 

Again,  those  who  first  enjoy  the  benefits  of  sewerage  should 
pay  more  than  those  who  will  not  be  able  to  avail  themselves  of  it 
for  years.  A  valuable  block  situated  in  the  center  of  the  city 
should  pay  a  larger  sum  than  an  extensive  estate  in  the  rural  dis- 
trict where  a  sewer  may  not  be  built  for  fifty  years.  The  reason 
the  block  should  pay  more  is  not  on  account  of  the  number  of 
square  feet  of  land  or  its  value,  since  the  country  estate  may  have 
a  larger  area  and  a  higher  valuation;  nor  on  account  of  the  cost 
of  the  building,  since  the  mansion  may  be  worth  more  than  the 
business  block;  but  it  is  on  account  of  the  respective  needs  of  the 
estates  for  sewerage.     This  should  be  a  strong  argument  against 
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apportioning  a  large  amount  upon  the  public,  since  by  general 
taxation  all  property  would  pay  the  same  percentage  without  re- 
gard to  relative  benefits. 

Because  sewerage  enhances  the  value  of  land,  owners  should 
pay  for  this  benefit.  Another  benefit  is  obtained  by  the  use  of  the 
sewer,  and  as  the  greater  the  benefit,  the  greater  the  proportion  to 
be  paid,  the  users  should  pay  the  largest  tax,  the  land  owners  the 
next,  and  personal  property  the  least. 

The  writer  inclines  to  the  opinion  that  the  minimum  amount, 
equalling  one-quarter  of  the  cost,  should  be  the  public  apportion- 
ment where  the  sewers  are  of  the  separate  system. 

THE    RENTAL    PLAN. 

The  healthfulness  of  a  populous  district  demands  a  public  sup- 
ply of  pure  water  and  a  proper  and  speedy  disposal  of  the  same 
after  its  use.  The  sewer  is  built  for  the  water  takers.  The  water 
taker's  need  of  a  sewer  is  directly  proportionate  to  the  quantity  of 
water  which  will  enter  the  sewer;  therefore  it  seems  just  that,  as  he 
pays  for  the  water  delivered,  he  should  pay  for  the  sewerage  re- 
moved. 

It  is  imder  authority  of  Section  i  of  Chapter  245,  that  the  local 
authorities  may  determine  that  any  debt  contracted  for  sewer  pur- 
poses may  be  paid  from  sums  of  money  collected  as  annual  rents. 
The  same  chapter  also  provides  that  only  three-quarters  of  the 
total  debt  can  be  so  raised;  but  in  every  community  can  be  found 
those  who  adhere  to  the  opinion  that  the  total  cost  of  sewerage 
should  be  paid  by  a  tax  to  be  levied  annually  as  rental  on  those  who 
use  the  sewers  in  proportion  to  their  use.  The  Legislature  could 
grant  special  authority  to  establish  such  a  system,  but  from  what 
follows  it  can  be  seen  that  its  supporters  would  find  it  difficult  to 
present  for  approval  a  definite  plan. 

Sewer  rental  based  on  the  water  consumption  is  ideal  to  the 
extent  that  the  variable  amount  which  the  consumer  pays  rests  in 
his  hands.  To  be  perfectly  fair,  however,  the  method  should  re- 
quire that  every  building  have  its  water  service  metered  and  the 
water  not  entering  the  sewer  determined.  If  the  use  of  meters 
would  disturb  the  acceptable  workings  of  the  water  department  and 
require  undue  compulsion,  the  nearest  plan  to  it  is  to  charge  a  cer- 
tain sum  per  1,000  gallons  for  metered  buildings,  allowing  a  dis- 
count for  water  not  reaching  the  sewer,  and  a  charge  for  unmetered 
connections  in  rates  of  probable  quantity  of  water  used. 

In  working  out  this  problem,  before  the  sum  to  be  charged 
per  1,000  gallons  to  give  an  income  sufficient  to  pay  all  annual  ex- 
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penses  could  be  computed,  it  would  be  necessary  to  know  what  the 
annual  expenses  were  to  be,  and  how  many  i,ooo  gallons  (the  as- 
sessable unit)  there  were  to  be;  these  involve  several  assumptions. 
Then  as  the  yearly  cost  would  naturally  vary  and  the  assessable 
units  would  increase  in  number,  the  rental  would  have  to  be  annu- 
ally changed. 

A\"here  the  whole  cost  is  to  be  raised  by  rental,  it  becomes 
necessary  to  assume  that  every  building  on  the  line  of  the  sewer 
shall  be  connected,  unless  the  cost  is  to  be  distributed  among  those 
who  voluntarily  use  the  sewer.  If  compulsory  connections  were 
legal,  Avhich  they  are  not,  the  injustice  of  entailing  an  immediate 
expense  of  from  $ioo  to  $200  upon  every  estate,  without  respect  to 
the  financial  ability  of  the  owner  to  sustain  this  outlay,  would  re- 
sult in  the  abandonment  of  the  plan.  On  the  other  hand,  the  injus- 
tice of  making  the  few^  who  chose  to  connect  pay  the  whole  cost 
would  result  in  disastrous  consequences,  as  only  a  very  few  could 
afford  the  benefits  of  sewerage;  thus  the  fundamental  object  of  the 
sewerage  system  would  not  be  secured  and  the  whole  scheme 
would  be  stigmatized  as  a  monument  to  shortsightedness  and  in- 
competent government. 

Again,  there  is  no  law  which  has  as  its  intent  the  collection  of 
a  larger  sum  of  money  than  is  necessary  to  meet  the  sewer  debt. 
If  rental,  designed  to  meet  the  whole  cost,  fell  short  of  this,  there 
would  be  a  deficiency  wdiich  would  have  to  be  drawn  from  some 
other  source;  but  if  it  were  in  excess  of  this  cost,  strictly  speaking, 
the  whole  assessment  would  be  void.  Now,  it  is  very  apparent 
that,  with  no  knowledge  of  the  actual  number  of  persons  who 
would  seek  the  first  opportunity  of  connecting  their  estates  with 
the  sewers,  or  of  the  number  or  the  order  of  subsequent  applica- 
tions to  enter,  and  with  no  knowledge  of  the  actual  cost  of  each 
year's  expenditure  for  sewer  construction,  maintenance,  etc.,  and 
with  no  certainty  of  the  quantity  of  water  which  the  buildings  con- 
nected w^ould  turn  into  the  sewer  system — any  one  of  these  items 
being  an  important  factor  in  the  problem  of  apportioning  the 
charges  so  as  to  collect  enough  money  to  defray  all  sewerage  ex- 
penses, but  not  to  exceed  this  amount, — it  is  almost  if  not  quite  im- 
possible without  additional  legislation  to  devise  a  rental  system  so 
that  the  total  cost  can  be  raised  in  this  way. 

But  it  is  practicable  to  devise  a  rental  system  so  that  a  part  of 
the  cost  can  be  raised  in  this  way. 

THE    BROCKTON    PLAN. 

In  the  Brockton  system,  designed  by  the  writer,  one-half  of 
the  whole  cost  of  the  sewerage  system,  estimated  at  $1,300,000,  and 
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tlie  maintenance  is  being  paid  by  equitable  annual  charges  for  the 
use  of  the  sewers  determined  upon  the  basis  of  water  service  as 
follows:  For  unmetered  water  service  eight  dollars,  and  for  metered 
water  service  thirty  cents  per  thousand  gallons  of  sewage  delivered 
to  the  sewer,  as  shown  by  meter  readings  of  the  water  department; 
provisions  for  discounts  are  made  and  such  charges  are  collected 
quarterly;  one-fourth  part  of  the  whole  cost  of  the  sewerage  system 
is  being  paid  by  a  fixed  uniform  rate  of  fifteen  cents  per  linear  foot 
of  frontage — partially  exempting  corner  lots — and  three  mills  a 
square  foot  within  the  fixed  depth  of  125  feet;  the  remainder,  which 
shall  be  a  sum  not  less  than  one-fourth  nor  more  than  two-thirds 
of  the  annual  sewerage  expenses,  including  installments,  interest 
on  bonds  and  maintenance,  sufficient  to  meet  al-1  deficiencies  in  the 
preceding  year,  the  Sewerage  Ordinance  provides  shall  be  appro- 
priated annually  by  the  City  Council,  to  be  raised  by  taxation. 

As  you  perceive,  this  assessment  system  is  based  on  a  com- 
pleted sewerage  system.  No  scheme  planned  on  these  lines  can 
be  expected  to  hold  good  during  the  transitory  condition  of  the 
early  years.  It  is  when  the  sewerage  system  is  completed  that  the 
stated  proportions  will  have  been  developed. 

The  amount  received  from  rentals  is  not  expected  in  the  early 
years  to  meet  the  proportion  of  the  cost  allotted  to  rental.  All  de- 
ficiencies are  to  be  made  up  from  the  general  tax  levy.  The 
amount  so  raised  will  vary  annually,  but  not  to  an  extent  beyond 
the  scope  of  the  scheme  of  assessment.  The  rental  unit  has  been 
fixed  at  a  rate  that  will  not  have  to  be  changed  for  a  long  time. 
With  a  fixed  rate  per  1,000  gallons  and  a  yearly  increasing  number 
of  gallons,  the  total  collected  as  rents  will  increase  steadily,  and  the 
amount  necessary  to  be  drawn  from  general  taxation  decrease  in 
like  manner. 

Also  in  the  early  years,  elsewhere  explained,  when  cost  of 
sewers  will  be  high,  first  assessments  will  not  return  their  propor- 
tion of  the  total  cost;  but  gradually,  as  the  system  is  extended,  the 
deficiencies  will  disappear,  and  in  the  latter  years  the  total  collec- 
tion amount  to  one-fourth  of  the  total  cost. 

As  stated,  all  deficiencies  will  be  met  by  general  taxation, 
which  forms  a  safety-valve  to  the  scheme  of  assessment.  The  plan 
annually  draws  on  this  tax  in  greater  proportion  than  one-fourth 
imtil  the  permanent  condition  of  a  completed  system  makes  the 
final  proportion  possible.  Thus  the  city  advances  the  money  to 
carry  on  the  improvements,  expecting  to  receive  back  one-third, 
and  in  the  end  not  more  than  three-fourths  of  the  cost. 

It  is  fair  that  the  citv  should,  in  the  interest  of  sanitation,  aid 
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the  work  by  advancing-  in  the  early  years  more  than  its  assumed 
proportion,  since  without  it  the  work  could  not  be  done. 

It  should  be  understood  that  first  assessment,  which  is  to  meet 
one-fourth  of  the  total  cost  of  the  system,  represents  the  benefit 
which  actually  accrues  to  land.  It  is  the  price  which  the  abutter 
pays  in  one  installment.  The  value  added  to  land  depends  upon 
its  area  and  frontage  and  the  units  of  first  assessment  are  based 
upon  these  factors.  It  has  been  concluded  that  six-tenths  of  the 
value  is  realized  by  its  area,  and  four-tenths  by  its  frontage,  and 
this  rate  was  used.  In  finding  the  amount  which  must  be  charged 
per  square  foot  of  area,  six-tenths  of  one-quarter  of  the  total  cost 
of  sewerage  w-as  divided  by  the  total  number  of  square  feet  of  ad- 
jacent land  within  a  certain  distance  of  the  street  line.  This  dis- 
tance, fairly  taken  as  one-half  the  distance  between  parallel  streets 
in  the  well-built-up  district,  was  125  feet. 

The  disposition  of  moneys  collected  as  first  assessments  is  an 
important  part  of  the  plan.  The  Brockton  sewerage  bonds  are 
payable  in  annual  installments;  first  assessments,  therefore,  could 
not  be  applied  to  meet  yearly  cost,  as  they  accumulate  faster  than 
the  installments  and  interest.  A  surplus  is  on  hand  which  we 
should  like  to  have  had  put  into  a  sinking  fund;  this  not  being 
practicable,  all  first  assessments  have  been  credited  to  construction 
account  and  the  yearly  cost — being  installments,  interest  and  main- 
tenance— is  met  by  rental  and  general  tax  levy.  In  this  way  the 
amount  of  bonds  which  it  would  be  necessary  to  float  is  reduced 
one-fourth,  and  the  yearly  cost,  maintenance  excepted,  in  like  pro- 
portion. 

As  rentals  and  general  tax  are  to  meet  the  yearly  costs,  two- 
thirds  of  this  must  be  raised  by  rentals,  as  this  is  the  same  as  having 
rental  meet  one-half  of  the  total  cost.  Yearly  costs  vary  each  year, 
hut  it  is  not  feasible  to  have  the  rental  rates  changed  correspond- 
ingly. The  number  of  assessable  units  of  rental  increases  as 
sewers  are  extended,  but  before  many  laterals  are  built,  the  yearly 
cost  upon  capital  already  invested  in  the  disposal  works  must  be 
met.  This,  with  the  cost  of  maintenance,  amounted  to  almost 
$30,000,  or  about  two-thirds  of  the  yearly  cost  of  the  complete  sys- 
tem. It  is  therefore  apparent  that  if  rental  were  scaled  to  meet 
two-thirds  of  the  yearly  cost  in  the  early  years,  w'hen  the  number 
of  assessable  units  is  small,  the  cost  per  unit  would  have  been  very 
high.  Yearly  cost  increases  to  a  certain  point,  at  which  the  con- 
struction of  laterals  is  practically  completed.  Beyond  this  point 
the  yearly  cost  decreases  by  the  interest  on  installments  annually 
paid  off.     An  average  yearly  cost,  fairly  representing  the  amount 
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which  must  be  raised  for  a  considerable  number  of  years,  was  as- 
certained, and  from  it  and  the  probable  number  of  assessable  units 
at  the  time  when  construction  is  practically  completed,  the  rate 
per  unit  was  calculated. 

Such  a  method  gives  a  rate  which  will  hold  good  for  many 
years,  though  naturally  it  will  be  reduced  as  the  bonds  are  paid  off, 
until  finally  the  rental  will  only  have  to  meet  two-thirds  of  the  cost 
of  maintenance. 

The  yearly  income  from  rental  and  the  rates  per  unit  were 
obtained  in  the  following  manner.  The  number  of  assessable  units 
in  the  district  which  it  is  assumed  will  be  sewered  was  estimated  in 
ratio  of  present  rate  of  consumption.  This  comprised  the  units 
for  houses,  shops  and  unmetered  connections.  (The  latter  having 
been  found  to  be  30,000  gallons  computed.)  Then  adding  i  gal- 
lon per  year  per  capita  as  probable  increase  in  water  consumption 
and  deducting  70  per  cent,  for  shops  and  5  per  cent,  for  houses  and 
unmetered  connections,  the  assessable  units  in  each  year  were 
found. 

The  cost  per  unit  was  then  found  by  dividing  the  assumed 
stationary  yearly  expenditure  by  the  number  of  assessable  units, 
when  construction  will  be  practically  completed. 

BROCKTON  RENTAL  PLAN. 
Sample  Page,  Book  No.  i.        Meter  Readings. 


St. 

St. 

189 

189 

189 

189 

189 

189 

July. 
October. 
January. 
•    April. 

July. 
October. 

January. 

Sample  Page,  Book  No.  2.         Rental  Ledger. 
Application    No Name Street. 


Rate  per  i 
Index.   Gallons.       looo 

Gallons. 


Net 
Amount. 


When 
Paid. 


Remarks. 


i6 
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Sample  Page,  Book  No.  3.         Abatements. 
BROCKTON  SEWERAGE  SYSTEM.  Abatements. 


Name.     Location. 


^Pai"  i   Account. 


Amount. 

Abatement. 

Date  of  Date  of 

Account.    Abatement. 


Remarks. 


Rent 


Sample  Copy  of  Rental  Bill. 
SEWER  RENTAL. 


Page. 


Street. 


Form  16. 


Page. 


SEWER  RENTAL. 


No. 


To  CITY  OF  BROCKTON,  Dr. 

For  Sewer  Rental  for  Quarter  ending 


Street. 


' ''"  "  '"^'  1 

1000 

Gallons 

Cubic  Ft. 
Gallons. 

At  Thirty  Cents  per 

Received   Payment, 


City   Treasurer. 


Bills  for  Sewer  Rental  are  collectible  the  same  as  taxes  and  bear  interest  after  30  days. 
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The  Brockton  plan  is  not  perfect.  No  system  can  be.  ITonse 
connections  have  been  most  desultory,  not,  however,  on  account  of 
the  rental,  which  averages  from  $8.00  to  $9.00  per  year,  but  on 
account  of  the  expense  of  the  incidentals.  Many  of  the  houses 
have  to  be  altered  to  provide  for  bath  rooms  and  closets.  Often 
these  changes  require  a  system  of  heating,  and  when  the  whole 
work  is  complete  and  the  carpenter,  steam  fitter,  plumber,  etc., 
have  been  paid,  the  owner  finds  that  an  expense  of  from  $300  to 
$500  has  been  incurred.  This  discourages  others,  and  conse- 
quently connections  come  very  slowly.  All  new  houses  erected  on 
the  line  of  the  sewer  are  provided  with  modern  sanitary  arrange- 
ments, and  such  tenements  rent  readily.  The  landlords  of  the  old 
buildings  must  make  improvements  or  sufifer  loss.  Meantime  the 
rentals  are  small,  but  this  should  not  be  considered  a  fault  of  the 
system. 

Up  to  the  present,  no  difTerent  rates  have  been  allowed  manu- 
facturers. This  may  be  considered  a  fault.  It  is  true  that  a  city 
is  not  a  mercantile  establishment,  buying  and  selling  for  profit; 
neither  should  it  ofTer  bargains  at  less  than  cost;  but  in  so  far  as 
one  city  is  in  competition  with  another  to  secure  new  industries 
and  to  keep  those  already  located,  just  so  far  is  it  permissible  for  a 
city  to  go  into  the  wholesale  business  in  establishing  rates  to  manu- 
facturers. 

Another  injustice  is  the  minimum  charge  of  $8.  Many  do  not 
derive  this  much  benefit;  others  take  water  by  faucet  rates  and  pay 
as  high  as  $25  per  annum  for  water,  but  as  the  connection  is  un- 
metered,  the  sewer  rate  is  but  $8.  A  change  regarding  the  mini- 
mum rate  will  probably  be  recommended  by  the  Sewerage  Com- 
missioners. 

PARTICULAR    SEWERS. 

It  is  under  authority  of  Section  4,  of  Chapter  245,  that  the  au- 
thorities of  any  city  or  town  may  lay,  make  and  maintain  particular 
sewers  from  common  sewers  to  the  street  line,  and  the  owner  of  an 
estate  benefited  by  such  a  particular  sewer,  shall  pay  towards  the 
cost  and  for  the  permanent  privilege  of  using  it,  such  reasonable 
sum  as  the  authorities  may  determine.  Said  sum  may  be  fixed  at 
the  estimated  average  cost  of  all  such  particular  sewers  within  the 
territory  for  which  the  said  system  of  sewers  has  been  adopted. 
The  authorities  may,  if  requested  by  the  owner  of  an  estate  to  do 
so,  contruct  a  particular  sewer  from  the  street  line  to  any  house  or 
building,  and  charge  said  owner  the  actual  cost  thereof,  and  may 
make  rules  and  regulations  for  the  construction  and  use  of  all  par- 
ticular sewers. 
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In  many  cases  it  is  not  practicable  to  build  to  the  street  line. 
The  plan  is  not  a  good  one,  because  the  sewer  system  ends  where 
the  house  plumbing  begins.  It  is  not  sufficient  that  the  Engineer 
have  charge  of  the  street  sewer  only.  His  authority  should  go  to 
the  inside  of  the  cellar  wall.  For  the  owner,  it  is  best  that  there 
should  be  no  licensed  drain  layers.  His  particular  sewer  can  be 
built  better  and  cheaper  by  a  well-organized  gang  under  the  En- 
gineer; there  are  no  profits  to  pay;  the  cost  to  him  is  the  actual 
cost  of  labor  and  materials.  In  this  way  he  is  satisfied.  There 
is  no  tax.  He  is  not  compelled  to  enter  where  he  does  not  want 
to.     He  outlines  what  he  wishes,  and  pays  the  actual  cost,  no  more. 

In  Brockton,  this  work  is  done  by  the  Sewer  Department.  It 
is  not  optional — as  the  law  says  it  may  be — with  the  owner.  It  is 
compulsory,  because,  in  making  application  for  connection  with 
the  sewer,  the  department  dictates  the  terms  of  the  agreement,  as 
the  Sewerage  Ordinance  provides  it  shall.  This  method  is  satis- 
factory to  the  people. 

The  Rules  and  Regulations  of  the  Department  are  as  follows: 

RULES    AND    REGULATIONS    RELATING    TO    PARTICULAR 

SEWERS. 

I. — All  particular  sewers  shall  be  of  such  size  and  material,  and  laid  at 
such  grade  and  depth,  as  the  Sewerage  Commissioners  may  determine. 

2. — All  particular  sewers  shall  be  laid,  and  all  connections  made  with 
the  common  sewers  shall  be  made  by  the  Sewerage  Commissioners  or  their 
duly  authorized  agents,  and  by  no  other  person  or  persons. 

3. — No  person  shall  be  allowed  to  make  any  further  connection  with 
any  particular  sewer  connected  with  a  public  sewer  than  that  intended  in 
the  original  permit,  without  first  making  application  and  obtaining  permis- 
sion to  do  so  from  the  Sewerage  Commissioners. 

4- — All  applications  for  private  sewers  shall  be  made  in  writing  to  the 
Sewerage  Connnissioners,  upon  blank  forms  furnished  by  the  Commis- 
sioners, by  the  owner  or  owners  of  the  property  to  be  sewered,  or  by  their 
duly  authorized  attorneys. 

5- — In  making  application  for  particular  sewers,  the  sum  of  ten  dollars 
($10)  must  be  deposited  with  the  City  Treasurer,  by  the  applicant,  and  the 
application  must  be  accompanied  by  the  City  Treasurer's  certificate  of  the 
deposit  of  ten  dollars  ($10),  which  sum  will  be  placed  to  the  credit  of  the 
applicant  and  be  used  to  liquidate  the  cost  of  the  sewer  applied  for. 

6. — No  plumbing  of  any  building  shall  be  connected  with  a  particular 
sewer  until  the  cost  of  the  said  particular  sewer  shall  have  been  paid.  When 
said  payment  has  been  made,  the  Sewerage  Commissioners  will  issue  a  per- 
mit authorizing  the  connection  of  the  house  i)lumbing  with  the  particular 
sewer.  The  said  permit  must  be  in  the  possession  of  the  person  making 
the  connection  at  the  time  the  connection  is  made.  But  until  said  permit 
shall  have  been  issued,  no  person  shall  cut  into  or  in  any  way  interfere  with 
the  said  particular  sewer. 

7. — Bills  for  sewer  rental  will  be  payable  quarterly,  on  the  first  day  of 
February,  May,  August,  and  November,  at  the  office  of  the  City  Treasurer. 
Where  meters  are  in  use,  the  first  bill  for  sewer  rental  will  be  based  upon 
the  average  quantity  of  water  used  during  the  quarter. 

8. — .Any  arrearages  for  non-]Kiyment  of  sewer  rental  or  charges  consti- 
tute a  lien  on  the  real  estate,  and  may  be  sued  for  and  collected  by  the  City 
Treasurer  in  the  name  of  the  city. 

g. — No  person  shall  be  entitled  to  have  any  portion  of  a  payment  re- 
funded oil  account  of  non-use  of  the  sewer,  occasioned  by  vacancy  of  the 
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premises,  unless  said  vacancy  shall  extend  over  a  period  of  three  months  or 
more. 

The  enforcing  of  the  rules  and  regulations  is  done  in  the  fol- 
lowing manner.     Upon  applying  for  a  connection  and  a  particular 
sewer,  the  owner  files  a  certificate  from  the  City  Treasurer  of  the 
ten  dollar  ($10)  deposit,  and  in  return  receives  a  receipt. 
Sample  Copy — Treasurer's  Certificate. 

TREASURER'S  OFFICE. 


Date 

Name 

Street 

No.  of  House. 
Amt..... 


Brockton,  Mass 189 

Tliis  IS  to  certify  tliat 

has    deposited    the    sum   of   Ten    Dollars   with   the 
City  Treasurer  as  a  guarantee  that  he  will  connect  his 

property  at  No Street,   with 

the  City  Sewer. 

City   Treasurer. 

Sample  Copy — Receipt. 

CREDIT  MEMORANDUM. 

M 

In  Account  with  CITY  OF  BROCKTON  SEWER  DEPT. 

Sewer  Connection  No at Street. 


Form  19. 


Deposit, $10.00 

F.  HERBERT  SNOW, 

By 

The  application  is  an  agreement  to  pay  the  cost  of  the  sewer 
before  the  house  plumbing  is  connected,  that  the  sewer  shall  be- 
long to  the  city,  and  that  the  city  shall  be  exempted  from  all  dam- 
ages, etc. 

Sample  Copy — Application. 
APPLICATION  FOR  A  PRIVATE  SEWER. 

Brockton, 189 

To  THE  Sewerage  Commissioners  of  the  City  of  Brockton: 

The  undersigned,  being  owner  of  the  estate,  requests  that  a  particular  sewer  be  laid 

from  the at   No Street,   and  that  the  same  may  be  connected   with   the 

Street  sewer,  and  that may  be  allowed  to  use  such  sewer  for 

the  purpose  of  disposing  of  the  sewage  of  said 

And  the  undersigned  agree  to  pay  to  the  said  Sewerage  Commissioners,  before  con- 
necting said with  the  said  particular  sewer,  all  of  the  cost  of  said  sewer, 

including  all  labor  and  materials,  or  any  other  expense  incurred  necessary  for  the  proper 
construction  of  said  sewer. 

And  the  undersigned  further  agree  to  strictly  conform  to  the  laws  and  ordinances 
relating  to  sewers,  and  to  the  rules  and  regulations  that  are  now  in  force  or  may  be 
adopted  in  relation  thereto,  and  also  to  the  plumbing  laws  and  ordinances,  so  far  as 
they  relate  thereto. 

And  the  undersigned  further  agree  that  no  claim  for  damages  which  may  be  occa- 
sioned to  such  estate,  or  any  property  thereon  in  any  manner,  by  the  construction,  use, 
or  existence  of  svich  particular  sewer  or  connection,  shall  be  made  against  the  C'ity  of 
Brockton. 
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And  the  undersigned  further  agree  that  the  said  Sewerage  Commissioners  shall  have 
access,  at  all  reasonable  hours,  to  the  said  premises  to  see  that  all  laws,  ordinances,  and 
rules  relating  to  the  sewer  are  complied  with. 

Accompanying  this  application  is  the  deposit  of  Ten  Dollars  ($10.00),  required  by  the 
Rules  and  Regulations. 

Xo Signature, 

Address 

The  plumber  then  files  at  the  City  Engineer's  office  a  plan  out- 
lining the  proposed  exit  of  the  sewer  from  the  premises,  which 
must  bear  the  approval  of  the  Inspector  of  Plumbing. 
Sample  Copy— Plumber's  Plan  of  Outlet. 

OFFICE   OP  OFFICE    OF 

IXSPECTOR   OF   PLUMBING.    INSPECTOR    OF   PLUMBING. 
City  of  Brockton.  City  of  Brockton. 


Plan  outlining  proposed  exit  of  Plan  outlining  proposed  exit  of 

sewer  from  premises  of  sewer  from  premises  of 


(Sketch  in  here.) 


Xo St.  \o St. 

Plumber,  by Plumber. 

Approved, 189  Approved, 189 

JAMES  W.  BROWN, 


Inspector  of  Plumbing.                           Inspector  of  Plumbing. 
No No 

Upon  receiving  the  plan  and  certificate,  the  foreman's  requisi- 
tion for  the  construction  of  the  sewer  is  made  out  and  forwarded. 
When  completed,  the  foreman  returns  a  report  of  labor  and  mate- 
rials, and  submits  a  sketch  and  remarks  on  the  construction,  etc. 
Sample  Copy— Foreman's  Requisition. 
SEWER  DEPARTMENT.  SEWER  DEPARTMENT. 


City  of  Brockton 189     City  of  Brockton, iS 

Foreman's     Requisition     for     a        Foreman's     Requisition     for 
Private  Sewer  for  Private  Sewer  to  be  built  for 


at   No Street,  at  No Street. 

Plumber Plumber. 

Per    order    Sewerage    Commission-  Per   order    Sewerage    Commission- 
ers, ers. 
Application  Application                                               (Sketch  in  hA-e.) 

F.  HERBERT  SNOW,  F.   HERBERT  SNOW, 

No Clerk.     No Clerk. 

Remarks.  Remarks. 
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Sample  Copy — Foreman's  Report. 
SEWER  DEPT. 
HOUSE  CONNECTION.  CITY  OF  BROCKTON. 

For 

At Street. 


189 

— 

— 

— 

— 

— 

— 

Materials. 

Pipe, 

Cement, 

Other  Materials, 

Foreman. 

On  back  side  of  leaf  remarks  and  sketch  are  made. 


The  items  are  entered  in  a  book  kept  for  the  purpose,  and  the 
sketch  of  the  particular  sewer  and  the  premises  is  drawn  in  its 
proper  place  in  a  location  book. 
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No. 


Street 


Depth  at  Sewer, 
Depth  below  sill, 

«S°Sketch. 


Grade, 
Connected, 


No. 


Street. 


Depth  at  Sewer, 
Depth  below  sill, 

;J3°Sketch. 


Grade, 
Connected, 


The  bill  is  at  once  rendered,  and  when  paid  a  permit  is  given 
authorizing  the  connection  of  the  house  plumbing  with  the  particu- 
lar sewer. 

Sample  Copy — Bill  for  particular  Sewer. 


Connection  No. 

Mr 

No 


.St. 


Form  15. 
Mr 


.189 


.Dr. 


To  CITY  OF  BROCKTON  SEWER  DEFT. 


Cost       -        -        -       $ 
Deposit         -        -       $10.00 
lAmount    Due      -       $ 


To  Cost  of  Connection  No 

At    No Street. 

Deposit         .        .        .        - 


Amount   Due, 
Received    Payment, 


$10 


.  City  Treasurer. 


Sample  Copy — Permit  to  enter  Sewer. 


Brockton   Sewer 
Dept. 


Duplicate  permit  to  con- 
nect with  private  sewer, 
issued  to 

Mr 

owner  of  the  

at  No St. 

Plumber. 

Per  order  of  the 
Sewerage  Commissioners, 

F.  Herbert  Snow, 
Clerk. 
No 


CITY  OF  BROCKTON. 


Sewer  Department. 

Brockton,  Mass., 189 

Mr owner   of  the 

at  No Street,  having  conformed  in 

every   particular   to    the    prescribed    rules   and    regulations    of 
this  department,  is  hereby  authorized  to  connect  or  cause  the 

]ilumbing  of  the  said to  be  connected 

with  the  particular  sewer  constructed  for  the  purpose. 
Per  order  of  the  Sewerage  Commissioners, 


No. 


F.  Herbert  Snow, 

Clerk. 
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Over  the  question  of  connecting-  up  there  has  been  some  dis- 
pute with  the  phmibers  and  at  present  tlie  matter  is  pending  in  the 
court.  The  plumbers  claim  that  Rule  6  interferes  with  their  busi- 
ness, that  it  is  not  legal  and  that  it  is  under  the  plumbing  ordinance 
• — which  requires  every  joint  to  be  tested  to  eight  feet  outside  the 
cellar  wall — that  they  must  work.  The  plumbing  ordinance,  how- 
ever, provides  that  the  Sewerage  Department  shall  build  the  par- 
ticular sewer  to  the  inside  of  the  cellar  wall.  The  Department 
could  not  carry  on  its  work  to  advantage  by  stopping  outside.  The 
plumbers  claim  they  cannot  do  their  work  to  advantage  by  staying 
inside. 

The  outcome  of  the  dispute  has  been  that  the  plumbers  have 
connected  up  when  convenient,  without  waiting  for  the  owner  to 
pay  and  before  a  permit  was  issued.  Consequently  the  Sewerage 
Department  has  had  several  hundred  dollars  out  at  one  time  which 
would  otherwise  have  been  paid.  Of  course,  it  is  not  right  for  the 
city  to  advance  money  to  build  a  private  sewer,  and  then  wait  sev- 
eral months  for  payment.  Suit  was  therefore  brought  against  the 
plumbers  and  the  city  now  waits  for  the  decision  of  the  court. 

The  Sewerage  Ordinance  does  not  state,  only  by  inference, 
who  shall  issue  the  permit  to  connect.  Upon  this  point  the  plum- 
bers pin  their  hope  of  success. 

The  ordinance  relating  to  sewerage  and  sewerage  assessments 
is  as  follows: 

Be  it  ordained  by  the  City  Council  of  the  City  of  Brockton,  as 
follows : 

Section  i. — The  Sewerage  Construction  Commissioners  shall 
have  the  direction  and  control,  subject  to  orders  of  the  Board  of 
Aldermen,  of  all  the  common  sewers  of  the  city  and  of  the  con- 
struction, maintenance,  repair  and  use  of  the  same  and  may  make 
such  Rules  and  Regulations  relating  thereto  as  they  shall  judge 
expedient,  subject  to  the  approval  of  the  Board  of  Aldermen.  The 
City  Engineer,  under  the  direction  of  said  Commissioners,  shall 
have  the  general  supervision  and  inspection  of  the  construction 
and  maintenance  of  all  common  sewers  built  or  owned  by  the  city, 
and  of  all  connections  of  particular  sewers  built  under  the  provis- 
ions of  Section  4  of  Chapter  245  of  the  Acts  of  1892.  He  shall 
make  and  prepare  all  plans  and  needed  specifications  designed  to 
govern  the  work  of  construction;  when  the  sewers  are  to  be  con- 
structed, he  shall  cause  accurate  plans  thereof  to  be  made,  repre- 
senting the  location,  depth  and  material  with  a  section  plan  of  each 
sewer,  indicating  the  size,  shape,  thickness  and  construction,  and 
he  shall  cause  to  be  shown  upon  said  plan  all  existing  connections 
of  said  sewers  and  all  public  connections  as  they  are  made. 

Sec.  2. — One  half  of  the  whole  cost  of  the  Sewerage  System, 
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estimated  at  $1,300,000,  including  the  cost  of  laying,  making  and 
maintaining  its  common  sewers,  shall  be  paid  by  equitable  annual 
charges  or  rents  for  the  use  of  such  sewers,  by  the  persons  who 
enter  the  same,  and  one-fourth  part  of  such  whole  cost  shall  be 
paid  from  assessments  upon  estates  receiving  benefit  according  to 
the  frontage  of  such  estates  on  any  street  or  way  when  a  sewer 
shall  be  constructed  and  according  to  the  area  of  such  estates 
within  a  fixed  depth  as  hereinafter  prescribed,  and  the  remainder 
shall  be  paid  by  the  city  and  raised  by  general  taxation;  all  of  said 
assessments,  charges  and  rents  to  be  made,  certified  and  collected 
as  hereinafter  prescribed. 

Sec.  3. — An  assessment  shall  be  made  upon  the  owners  of 
abutting  estates,  by  a  fixed  uniform  rate  based  upon  the  estimated 
cost  of  the  entire  system,  of  fifteen  cents  ($0.15)  a  linear  foot  of 
frontage  of  such  estates  on  any  street  or  way  where  a  sewer  is  con- 
structed, and  of  three  mills  (0.003)  ^  square  foot,  according  to  the 
area  of  such  estates  within  a  fixed  depth  of  125  feet  from  such  street 
or  way;  but  no  area  shall  be  assessed  more  than  once. 

No  assessment  in  respect  to  any  such  estate  which,  by  reason 
of  its  grade  or  level,  or  for  any  other  cause,  cannot  be  drained  into 
such  sewer  shall  be  made,  certified,  or  notified  until  such  incapacity 
is  removed.  When  such  estates  abut  upon  more  than  one  such 
street  or  way,  such  assessment  shall  be  made  upon  the  whole  of  the 
longest  frontage,  and  sixty  feet  of  the  frontage  upon  each  other 
such  street  or  way  shall  be  exempted  from  such  assessment,  but  all 
in  excess  of  said  sixty  feet  exempted  shall  be  subject  to  assessment. 

In  making  such  assessment  the  frontage  shall  be  assessed  to 
the  nearest  foot  and  the  areas  shall  be  determined  from  the  plans 
on  file  at  the  Assessor's  Ofiice. 

The  Sewerage  Construction  Commissioners  shall  direct  the 
City  Engineer  to  prepare  and  submit  plans  to  the  Board  of  Alder- 
men, showing  the  estates  to  be  assessed,  giving  the  owner's  names, 
frontages  and  areas,  together  with  a  schedule  showing  the  assess- 
ments on  the  estates  abutting  and  benefited.  The  amount  assessed 
and  certified  by  the  Mayor  on  behalf  of  said  Board  shall  be  entered 
upon  the  plans  prepared  for  assessment,  and  shall,  for  two  years 
after  they  are  laid,  constitute  a  lien  on  the  real  estate  assessed,  and 
shall,  together  with  all  incidental  costs  and  expenses,  be  levied  by 
sale  of  such  real  estate,  if  the  assessment  is  not  paid  within  three 
months  after  a  written  demand  for  payment,  made  upon  the  per- 
son assessed,  or  upon  the  person  occupying  the  estate :  such  sale  to 
be  conducted  in  like  manner  as  sales  for  the  payment  of  taxes. 

Owners  of  estates  or  parts  of  estates  not  liable  to  assessment 
as  aforesaid,  or  not  in  fact  assessed,  shall  pay  for  special  benefits 
to  such  estates  such  reasonable  sums  as  the  Mayor  and  Aldermen 
shall  determine. 

The  Collector  of  Taxes  upon  receipt  of  the  schedule  of  as- 
sessment certified  by  the  Mayor,  shall  forthwith  render  notice  of 
assessment  and  amounts  of  the  same  to  the  parties  assessed  therein, 
and  the  said  amount  shall  b*e  due  and  payable  thirty  days  from  the 
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date   of  such   notice,   after  which  time   interest  will   be   charged 
thereon  at  the  rate  of  six  per  cent,  per  annum. 

Sec.  4. — Every  person  or  owner  of  an  estate,  who  enters  his 
particular  sewer  into  a  common  sewer,  shall  pay  for  the  use  of  such 
sewer  an  annual  rental  determined  upon  the  basis  of  water  service, 
as  follows:  for  unmetered  water  service,  eight  dollars;  for  metered 
water  service,  thirty  cents  per  1,000  gallons  of  sewerage  delivered 
to  the  sewer,  the  quantity  so  delivered  to  be  determined  by  the 
meter  readings  taken  by  the  Water  Commissioners,  but  the  annual 
charge  shall  in  no  case  be  less  than  eight  dollars,  it  being  provided, 
liowever,  that  in  cases  where  said  Commissioners  shall  deem  the 
same  to  be  equitable,  a  discount  may  be  made,  such  discount  to  be 
determined  by  said  Commissioners  and  approved  by  the  Mayor 
and  Aldermen ;  and  it  being  further  provided  that  any  such  person 
or  owner  may  place,  at  his  own  expense,  a  water-meter  which  shall 
be  approved  by  the  Commissioners,  to  measure  the  amount  of 
water  which  does  not  enter  the  sewer. 

Such  charges  shall  be  collected  quarterly  and  shall  constitute 
a  lien  upon  the  real  estate  using  the  sewer,  to  be  collected  in  the 
same  manner  as  taxes  upon  real  estate,  or  in  an  action  of  contract 
in  the  name  of  the  City  of  Brockton. 

Sec.  5. — The  City  Council  shall  appropriate  annually,  to  be 
raised  by  taxation,  a  sum  not  less  than  one-fourth  or  more  than 
two-thirds  of  the  annual  sewerage  expenses,  including  installments, 
interest  on  bonds  and  maintenance,  suf^cient  to  meet  all  deficiences 
in  the  preceding  year. 

Sec.  6. — Whenever  any  street  is  opened  for  the  laying  of 
pipes  for  water,  gas  or  other  purposes,  or  for  the  prosecution  of  any 
works  of  connection,  such  laying  of  pipes  and  the  work  connected 
therewith,  or  such  work  of  construction,  shall  be  so  executed  as 
not  to  obstruct  in  any  way  the  course,  capacity  or  construction  of 
a  common  sewer ;  and  whenever  pipes  for  any  purpose  or  any  work 
of  construction  are  found  to  exist  at  such  depth,  or  in  such  location 
as  to  interfere  with  any  existing  sewer,  or  wath  the  building  of  any 
common  sewer  of  the  required  size,  and  at  the  proper  depth  and 
grades,  the  department,  corporation  or  person  maintaining  the 
same;  shall,  upon  notice  thereof,  at  once  remove,  change  or  alter 
said  pipe  or  pipes,  or  other  works,  in  such  manner  as  the  Sewerage 
Construction  Commissioners  may  direct.  If  such  department, 
corporation  or  person,  neglects  to  comply  immediately  with  the 
terms  of  such  notification,  the  Sewerage  Construction  Commis- 
sioners may  make  such  removal,  change  or  alteration,  and  the  cost 
thereof  shall  be  paid  by  such  department,  corporation  or  person. 

Sec.  7. — All  ap])lications  for  the  construction  of  particular 
sewers  and  their  entrances  into  common  sewers,  and  for  permits 
to  enter  the  same  shall  be  in  such  form  as  the  Sewerage  Construc- 
tion Commissioners  shall  prescribe,  and  be  filed  with  the  City  En- 
gineer. All  such  particular  sewers,  and  their  entranced  into  com- 
mon sewers,  shall  be  constructed,  maintained  and  kept  in  proper 
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repair  by  the  Sewerage  Construction  Commissioners,  and  shall  be 
the  property  of  the  city,  and  the  cost  thereof  shall  be  paid  by  the 
owners  of  the  estates  connecting,  before  the  same  are  used  or  house 
connections  made  therewith;  the  cost  of  all  repairs  made  thereon 
shall  be  paid  by  the  owners  of  estates  connecting. 

Sec.  8. — No  person  shall  enter  or  attempt  to  enter  a  private 
drain  or  sewer  into  a  common  sewer  or  its  connections,  or  into  the 
undcrdrain  constructed  in  connection  therewith,  except  he  is  duly 
licensed  thereto,  and  no  person  shall  cut  into,  interfere  with,  or  ob- 
struct a  common  sewer. 

Sec.  9. — No  person  shall  throw  or  discharge  into  a  public 
sewer  or  any  of  its  connections,  any  steam  or  other  matter  or  thing 
which  may  tend  to,  or  cause,  an  obstruction  thereof,  or  a  deposit 
therein,  or  any  injury  thereto. 

Sec.  10. — An_y  person  violating  any  of  the  provisions  of  this 
ordinance  shall  be  punished  by  a  fine  not  exceeding  twenty  dollars 
for  each  ofifense. 


DISCUSSION. 

Mr.  Allen  Hazen. — I  am  much  interested  in  the  method 
mentioned  by  Mr.  Snow  of  collecting  money  for  the  support  of 
the  sewerage  system,  particularly  that  part  of  it  which  was  reck- 
oned at  a  definite  rate  per  thousand  gallons  on  the  water  used,  as 
recorded  by  the  meters  of  the  water  department.  In  cases  where 
it  is  necessary  to  collect,  pump,  and  treat  sewage  there  is  entailed 
upon  the  city  a  very  considerable  expense,  which  is  substantially 
proportional  to  the  amount  of  sewage  contributed,  and  conse- 
Cjuently  nearly  proportional  to  the  quantities  of  water  taken  by  the 
citizens  and  establishments;  and  it  seems  to  me  that  in  such  cases 
it  would  be  cminentl)^  fair  and  proper  to  charge  for  water  used  a 
certain  sum  })er  thousand  gallons  in  addition  to  the  sum  necessary 
to  provide  for  the  support  of  the  water  department,  such  additional 
sum  being  as  nearly  as  possible  that  which  would  provide  for  the 
collection,  pumping,  and  purification  of  the  sewage.  It  would  be 
simpler,  and  perhaps  in  other  respects  better,  simply  to  add  this 
rate  to  the  ordinary  water  rates,  so  that  the  money  would  be 
collected  by  the  water  department,  and  could  then,  if  desired,  be 
turned  over  to  the  sewer  department  as  a  lump  sum. 

The  plan  of  an  annual  tax  upon  dwellings  in  payment  for  the 
removal  of  sewage  was  adopted  by  the  city  of  Paris  by  the  law  of 
July  10,  1894,*  which  provides  that  a  charge  of  $2  annually  shall 
be  made  on  dwellings  renting  for  less  than  $100  per  annum;  $6  on 


*Annales  des  Fonts  et  Chaussees;  7th  series.  Vol.  IX,  Page  318. 
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houses  renting"  for  more  than  $ioo  but  less  than  $300  per  annum; 
$12  on  houses  renting  for  $300  to  $600  per  annum;  $16  for  houses 

renting  for  $600  to  $1,200  per  annum;  v$2o  for  houses  renting  for 
$1,200  to  $2.0GO  per  annum,  and  so  on  up  to  $300  for  houses 
renting-  for  more  than  $20,000  per  annum.  It  is  understood  that 
these  charges  are  less  than  the  cost  to  the  householders  of  dis- 
posing of  their  sewage  in  any  other  way. 

Mr.  Geokge  a.  Knir.ALL.— The  paper  which  we  have  just 
heard  is  a  very  interesting  one.  not  only  on  account  of  the  facts 
which  it  contains,  but  also  of  the  very  able  manner  in  which  the 
different  methods  of  sewer  assessments  are  discussed. 

The  rental  portion  of  the  system  as  adopted  in  Brockton  m.ay 
act  in  some  degree  in  preventing  owners  of  property  from  making 
a  free  use  of  the  sewers  in  order  to  avoid  the  annual  expense. 
Every  inducement  should  be  held  out  for  the  immediate  removal 
of  all  filth,  and  one  way  to  induce  people  to  keep  clean  is  for  the 
authorities  to  remove  all  waste  at  the  least  expense  to  the  house- 
holder. 

The  arrangement  of  a  proper  system  of  sewer  assessments  is 
not  an  easy  matter,  and  it  has  been  the  cause  of  considerable  agi- 
tation and  difference  of  opinion  in  many  cities  where  sewers  have 
been  constructed.  Some  towns  in  Massachusetts,  where  sewers 
have  been  constructed  under  a  special  act  of  the  Legislature,  have 
omitted  entirely  to  make  any  assessments  on  the  property  bene- 
fited, but  have  allowed  the  town  to  assume  the  whole  expense. 
That  the  property  benefited  should  pay  a  large  part  of  the  expense 
in  sewer  construction  is  well  established,  and  it  needs  no  argument 
from  me.  The  question  of  what  proportion  it  should  bear  is  an 
interesting  one,  and  one  on  which  there  has  been  considerable 
difference  of  opinion.  The  public  statutes  provide  that  the  town 
shall  not  pay  more  than  two-thirds  nor  less  than  one-quarter,  but  in 
cases  where  special  acts  have  been  passed  this  proportion  has  been 
ignored. 

It  frequently  happens  that  the  laying  of  a  sewer  assessment 
creates  such  a  strong  feeling  in  the  city  or  town  where  the  sewer 
is  built  that  influence  enough  is  brought  to  bear  upon  the  City 
Council,  or  upon  the  voters  in  town  meeting,  to  change  the  amount 
of  the  assessment  from  time  to  time.  It  is  a  very  common  thing 
for  our  people  to  resist  any  taxation,  and  if,  by  hard  work  and 
influence,  they  can  induce  the  members  of  the  City  Council  to 
change  the  assessment  or  modify  it  in  some  way  which  may  result 
in  their  benefit,  they  are  willing  to  use  every  effort  to  accomplish 
their  end. 
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The  ordinary  taxes  which  we  pay  are  determined  by  the  acts 
of  the  Legislature,  which  make  it  incumbent  on  each  town  to  tax 
its  owners  of  propert}-,  and  the  city  or  town  authorities  must  en- 
force it.  It  seems  to  me  that  this  same  system  should  be  employed 
in  regard  to  the  sewer  assessments.  As  it  is  to-day,  a  man  in  town 
meeting  may  carry  a  vote  which  would  entirely  change  the  form  of 
the  sewer  assessment,  or  a  few  men  composing  a  City  Council  may 
sometimes  change  an  ordinance  in  order  that  the  existing  system 
of  assessments  may  be  changed.  But  if  the  amount  of  assessment 
is  fixed  by  statute,  then  each  would  share  alike. 

The  town  of  Arlington,  Mass.,  is  now  building  a  sewer  system 
under  a  special  act  of  the  Legislature  passed  in  1896,  which  re- 
quires that  every  estate  benefited  by  the  construction  of  the  sewer 
in  the  street  on  which  it  abuts  shall  pay  to  the  town  28  cents  per 
rrinning  foot  frontage  on  the  street  or  way  on  which  the  sewer  is 
constructed,  and  0.52  cent  per  square  foot  area  within  a  depth  of 
100  feet  from  the  line  of  such  street.  It  also  provides  that  assess- 
ments may  be  laid  upon  any  street  as  soon  as  the  sewer  is  ready 
for  use. 

The  advantages  of  this  system  are  its  stability,  which  requires 
the  act  of  Legislature  in  order  to  change  it,  and  also  the  fact  that 
the  assessments  may  be  collected  immediately  after  the  sewer  is  " 
built,  without  waiting  for  the  completion  of  the  whole  system  and 
the  determination  of  its  cost. 

These  assessments  go  to  the  credit  of  the  sewer  appropriation, 
and  are  used  in  extending  the  sewer  system.  In  Arlington  the 
system  is  estimated  to  cost  ^^283,000,  but  the  amount  to  be  bor- 
rowed will  not  exceed  $100,000,  the  receipts  and  assessments  being 
sufficient  to  make  up  the  difference. 

Mr.  George  Bowers. — I  have  been  very  much  interested  in 
Mr.  Snow's  paper,  and  I  agree  with  him  most  thoroughly  when  he 
says,  "Every  investigator  can  find  facts  to  satisfy  himself  that  up 
to  the  present  time  sewer  assessments  generally  have  not  been  pro- 
portionate to  the  benefits  received."  But  if  he  carries  out  his 
rental  plan  as  just  described,  there  will  be  one  marked  exception  to 
the  general  rule. 

The  varying  conditions  of  each  city  or  town  recjuire  a  different 
solution  of  the  sewer  assessment  problem.  If  the  sewage  is  to  be 
treated  and  the  effluent  made  clear  and  inoffensive,  the  cost  of 
maintenance  is  a  very  different  thing  from  that  of  a  system  of 
sewers  emptying  into  tidewater,  where  no  treatment  is  required. 
The  frontage  plan,  so  far  as  I  have  investigated,  has  the  most  advo- 
cates, and,  in  my  judgment,  is  the  most  unfair.     I  consider  the 


30  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

area  plan  more  e(juital)le,  but  it  has  its  faults,  as  has  just  been 
shown.  The  Lowell  method,  which  I  do  not  recommend,  is  to 
assess  one-half  the  cost,  or  less,  of  all  sewers,  upon  the  abutters 
on  the  street  in  which  the  sewer  is  laid,  making  the  assessment 
vary  in  every  street;  sewers  laid  in  streets  where  there  is  a  large 
amount  of  ledge  excavated  costing  very  much  more  than  sewers 
built  in  streets  where  there  is  no  ledge.  This  method  gives  a  great 
deal  of  dissatisfaction  when  people  living  in  different  streets  com- 
pare their  sewer  bills,  or  where  the  same  person  has  bills  from 
different  streets.  Abutters  will  pay  readily  a  sewer  assessment 
amounting  to  not  over  i  cent  per  square  foot,  which  would  be  $i 
per  running  foot  on  lots  lOO  feet  deep,  but  when  the  assessment  is 
more  than  that  they  try  to  get  it  reduced. 

I  believe  that  where  no  treatment  of  the  sewage  is  required 
the  assessment  should  be  made  by  a  combined  system,  using  the 
frontage  and  area,  taxing  f  cent  per  square  foot  for  lots  to  a  depth 
of  lOO  feet,  with  25  cents  per  front  foot,  and  assessing  corner  lots 
but  once  for  area,  but  for  the  full  amount  of  frontage  on  the  second 
street.  It  is  an  advantage  to  a  corner  lot  to  have  a  sewer  in  both 
streets,  and  it  should  be  assessed  for  it.  By  this  method  the  city 
would  pay  one-half  the  cost  of  the  sewer,  and  the  abutters  the  other 
half. 

Some  will  say  that  the  city  would  not  get  back  a  fair  propor- 
tion of  the  cost,  and  that  the  people  not  entering  the  sewers  would 
have  to  pay  too  much.  This  objection  I  would  answer  by  saying 
that  by  the  system  in  use  with  us  (that  is,  the  combination  of  sur- 
face drainage  and  sewage)  the  general  tax-payers  should  pay  their 
part  for  the  drainage  of  the  streets  and  for  taking  care  of  the 
surface  water.  Looking  at  the  problem  from  this  standpoint  and 
from  that  of  considerable  experience  in  the  making  up  of  sewer 
assessments,  and  knowing  of  no  rule  that  has  ever  been  made 
which  was  satisfactory  in  all  places,  I  believe  this  would  be  the 
best  method  to  be  adopted  by  a  city  situated  as  we  are. 

Mr.  F.  p.  Stearns. — When  I  occupied  the  position  of  En- 
gineer of  the  State  Board  of  Health,  which  has  a  general  super- 
vision of  the  w'ater  supply  and  sewerage  of  the  State,  I  could  not 
help  being  struck  by  the  fact  that  nearly  every  towm  of  any  con- 
siderable size  had  a  system  of  public  water  supply,  which  was 
available  to  a  very  large  proportion  of  the  citizens,  while  sewerage 
systems  were  confined  almost  wholly  to  the  cities,  and  in  them 
the  sewerage  systems  were  by  no  means  as  extensive  as  the  sys- 
tems of  water  supply.  It  seemed  to  me  that  the  prevailing 
methods  of  paying  for  the  cost  of  the  works  were,  to  a  very  large 
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extent,  responsible  for  the  difference  in  the  progress  of  the  two 
systems. 

The  general  policy  in  regard  to  water  works  has  been,  and  is, 
to  pay  for  the  system  by  a  loan,  and  to  collect  a  yearly  rental  from 
those  who  actually  use  the  water.  The  annual  charge  to  the  water- 
takers  is  made  such  that  the  amount  remaining  to  be  paid  out  of 
the  tax  levy  for  the  maintenance,  interest,  and  sinking  fund  is  no 
more  than  a  proper  payment,  on  the  basis  of  valuation,  for  the 
value  of  the  water  system  to  the  community  for  fire  protection. 

The  result  of  the  almost  universal  adoption  of  this  policy  has 
been  that  towns  feel  warranted  in  issuing  large  loans  for  water 
works  purposes,  because  they  are  well  assured,  in  advance,  that  it 
will  not  be  a  burden  to  the  people,  or  cause  a  serious  increase  in 
the  tax  rate.  This  policy  has  been  so  satisfactory  that  it  has  been 
fully  recognized  in  legislation,  as,  in  determining  the  debt  limit 
of  a  town  the  water  debt  is  excluded.  Moreover,  the  public  stat- 
utes provide  that  a  water  loan  may  run  for  a  longer  term  than  any 
other  loan. 

Sewer  systems,  on  the  other  hand,  have  generally  been  paid 
for  by  taxation,  very  heavy  initial  payments  upon  lands  bordering 
upon  the  streets  where  sewers  are  laid,  and  loans  of  comparatively 
short  terms.  Little  or  no  provision  has  been  made  for  any  revenue 
from  the  use  of  the  sewers,  and  the  maintenance  of  the  system, 
together  with  a  considerable  part  of  its  first  cost,  have  been  borne 
by  taxation.  The  dread  of  higher  taxes  and  of  the  large  initial 
payments  has  very  much  retarded  the  extension  of  sewers,  even  in 
places  where  the  public  would  be  ready  and  willing  to  pay  a  rental 
sufficient  not  only  to  pay,  ultimately,  the  first  cost  of  the  sewers, 
but  also  to  make  them  practically  self-sustaining. 

If  for  the  past  twenty  years  water  works  had  been  built  upon 
the  same  basis  as  the  sewerage  systems,  there  would  be,  in  my 
opinion,  not  half  as  many  towns  at  the  present  time  provided  with 
a  public  water  supply,  or,  if  so  provided,  it  would  be  through  the 
agency  of  private  companies  rather  than  by  municipalities. 

From  a  sanitary  standpoint,  and  for  the  general  welfare  of 
the  cities  and  towns  of  the  State,  particularly  those  which  have 
not  already  partially-completed  sewerage  systems,  I  think  it  ex- 
tremely desirable  that  a  rental  system  should  be  adopted,  to  pay 
a  part  or  the  whole  of  the  cost  of  the  system. 

Let  us  consider,  in  a  more  general  way,  the  question  as  to 
what  is  the  best  public  policy  in  the  matter  of  paying  for  sewers. 
There  seem  to  be  three  general  principles  upon  which  assessments 
have  been  made:  First,  in  accordance  with  the  cost  of  the  sewer 
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in  the  street  or  district;  second,  on  the  basis  of  the  benefit  to  the 
owners  of  lands  or  buildings  affected  by  the  sewers;  and,  third, 
upon  the  basis  of  ability  to  pay.  The  assessment  according  to  the 
cost  of  the  sewer  in  the  street  has  come  down  to  us  from  former 
times,  and  I  think  it  will  need  no  argument,  at  the  present  day, 
to  show  that  a  person  should  not  pay  a  larger  sum  for  connecting 
with  a  large  sewer  instead  of  a  small  one  any  more  than  he  should 
pay  a  larger  water  rate  if  his  water  comes  from  a  12-inch  pipe  in 
the  street  instead  of  a  6-inch  pipe. 

With  regard  to  the  question  as  to  whether  a  person  shall  pay 
in  accordance  with  the  benefits  received,  or  in  accordance  with  his 
ability  to  pay,  it  is  well  to  consider  methods  of  payment  for  other 
public  and  semi-public  institutions  and  works.  If  we  take  the 
case  of  education  in  the  public  schools,  the  public  policy  uni- 
versally adopted  in  this  country  is  that  a  man  shall  pay  in  accord- 
ance with  his  ability  to  pay,  and  not  in  accordance  with  the  benefits 
received.  A  man  who  has  no  children  and  is  assessed  for  $100,000 
may  be  recjuired  to  pay  $300  a  year,  while  the  poor  man  who  has 
no  property  and  six  children  to  go  to  the  public  schools  pays  a 
poll  tax  of  $2.00,  notwithstanding  that  the  cost  of  educating  his 
children  per  year  may  be  $25  each,  or  $150.  If  we  take  the  public 
or  semi-public  works  which  are  sometimes  owned  by  the  munici- 
pality and  sometimes  by  private  corporations,  such  as  the  water 
works,  the  subway,  the  lighting  plants,  and  the  street  cars,  the 
general  policy  is  that  the  payment  shall  be  on  the  basis  of  benefits 
conferred,  and  that  the  works  shall  be  made  self-supporting,  so 
that  they  will  not  add  to  the  general  tax  levy.  By  this  I  mean, 
not  that  the  tax  levy  pays  nothing,  but  that  it  pays  only  inci- 
dentally, as  in  the  case  of  water  furnished  for  fire  protection,  lights 
used  in  schoolhouses,  public  buildings,  etc. 

I  think  it  is  a  safe  rule  to  adopt  that  where  any  public  works 
might  be  carried  on  by  a  private  company,  and  the  municipality 
concludes,  instead,  to  adopt  the  policy  of  municipal  ownership, 
such  public  works  ought  to  be  self-sustaining,  and  not  a  burden 
upon  the  community  to  a  greater  extent  than  they  would  be  with 
private  ownership.  On  the  other  hand,  things  which  are  essential 
to  a  community,  and  yet  so  costly  that  they  cannot  be  paid  for  l)y 
the  poorer  people — like  public  education — should  be  borne  l)y 
general  taxation,  on  the  basis  of  ability  to  pay.  The  adoption  of 
this  rule  would  lead  to  a  growth  in  the  number  and  kinds  of  works 
under  numicipal  ownership,  provided  the  municipalities  continue 
to  show  that  they  are  capable  of  carrying  on  public  works  in  an 
economical  and  satisfactory  manner.     The  showing  thus  far  in  the 
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case  of  water  supplies  generally,  in  the  case  of  the  subway  now 
l)uikling,  and  in  many  other  cases,  has  been  very  satisfactory. 

It  is  somewhat  difficult  to  decide  to  which  class  sewerage 
systems  belong.  These  systems  have,  in  a  few  cases,  been  put  in 
by  private  companies,  but  I  believe  it  is  a  wise  public  policy  that 
has  determined  that  they  are  too  important  to  the  health  of  the 
community  to  be  built  in  this  way,  and  that  they  should  be  built 
under  municipal  ownership. 

There  may  be  cases  where  the  people  cannot  afford  to  pay 
for  a  system  of  sewers  in  proportion  to  the  benefits  received,  and 
yet  a  system  of  sewers  may  be  essential  to  the  healtli  of  the  com- 
munity. In  such  cases  it  may  be  wise  that  a  large  part  of  the  cost 
should  be  paid  by  those  who  have  the  ability  to  pay,  or,  in  other 
words,  by  taxation ;  but  in  the  great  majority  of  cases  I  believe  that 
the  bulk  of  the  cost  should  be  paid  by  the  people  benefited,  and 
that  this  can  best  be  done  by  an  annual  rental  sufficiently  large  to 
furnish  a  revenue  which  will  ultimately  pay  for  a  very  large  pro- 
portion of  the  cost  of  the  works  and  their  maintenance. 

Payment  acording  to  the  benefits  received  can  be  made  wholly 
by  rental,  or  partly  by  a  rental  and  partly  by  the  payment  of  a 
portion  of  the  cost  of  the  sewer  by  the  owners  of  the  land  abutting 
on  the  streets  through  which  the  sewer  is  laid,  and  in  other  ways. 
Where  the  people  can  pay  a  large  initial  assessment  without  diffi- 
culty, it  may  be  well  to  diminish  the  amount  of  the  sewer  loan  by 
collecting  such  an  assessment,  but  I  think  the  cases  are  rare  where 
this  method  is  not  burdensome  to  some  of  the  people,  and  does  not 
cause  objections  to  be  made  to  the  construction  of  sewers,  objec- 
tions which  retard  their  adoption  and  extension  in  the  cities  and 
towns.  I  therefore  cjuestion  whether  it  is  not  the  wiser  policy,  as 
in  the  case  of  laying  the  water  pipes,  to  ignore  the  benefit  to  lands 
not  built  upon,  and  to  raise  the  whole  amount  to  be  raised  other- 
wise than  by  taxation,  by  charging  an  annual  rental  to  be  paid  only 
by  those  who  have  buildings  which  can  be  connected  with  the 
sewer.  I  would  make  the  rental  begin  whenever  it  became  pos- 
sible for  a  building  to  connect  with  the  sewer,  as  this  would  have 
a  tendency  to  promote  the  making  of  connections,  which  is  so 
desirable  to  the  health  of  a  conmnmity. 

The  statements  made  in  the  written  and  verbal  discussions  of 
this  paper  this  evening  by  those  who  are  associated  with  sewerage 
systems  where  a  large  initial  assessment  is  required  tend  to  con- 
firm me  in  the  view  that  it  is  unwise  to  make  them.  There  has 
been  a  general  consensus  of  opinion  that  where  a  large  sum  is  as- 
sessed in  the  beginning  the  people  try,  and  often  successfully,  to 
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get  the  amount  reduced.  In  some  cases,  cities  or  towns  have 
changed  the  method  and  reduced  the  amount  of  assessments,  and 
in  others  the  Legislature  has  been  appealed  to  for  changes,  and 
with  success.  The  result  has  been  that  the  amount  collected  by 
assessments  has  been  disappointingly  small,  and  the  amount  put 
into  the  tax  levy  so  large  as  to  cause  discontent  and  a  retardation 
of  the  work. 

Reference  has  been  made,  in  the  case  of  the  town  of  Arling- 
ton, to  the  advantage  of  having  the  amount  of  the  assessment 
determined  by  legislative  act,  so  that  those  assessed  cannot  go  into 
a  town  meeting  and  have  the  assessment  reduced.  I  think  no  one 
can  doubt  that  this  is  good  policy  where  an  unpopular  and  burden- 
some assessment  has  to  be  collected;  but  is  it  not  rather  an  argu- 
ment for  the  adoption  of  the  more  popular  and  less  burdensome 
method  of  raising  the  required  money  by  an  annual  charge?  No 
one  asks  a  Legislature  to  determine  the  water  rates  of  a  town,  as 
it  is  generally  agreed  that  it  is  better  that  the  principle  of  local 
option  should  apply  in  this  case.  Would  there  be  any  greater 
reason  for  asking  a  Legislature  to  determine  the  sewer  rates,  if 
the  principle  of  an  annual  charge  were  adopted? 

I  was  very  much  pleased  with  Mr.  Snow's  report  upon  sewer 
assessments  in  Brockton,  and  was  very  glad  that  it  was  put  into 
efifect,  furnishing,  as  it  did,  in  this  State  a  definite  example  of  a 
system  in  which  the  yearly  rental  is  an  important  factor,  and  I  am 
not  at  all  sure  that  the  plan  which  he  devised  is  not,  in  a  majority  of 
cases,  the  very  best  one  which  can  be  adopted.  I  do  believe,  how- 
ever, that  each  place  is  likely  to  furnish,  to  some  extent,  an  inde- 
pendent problem,  and  I  should  give  a  good  deal  of  consideration 
to  the  question  as  to  whether  a  larger  sum  of  money  cannot  ulti- 
mately be  raised,  with  less  friction,  by  a  slight  increase  in  the  rental 
and  the  omission  of  the  initial  payment. 

Mr.  Freeman  C.  Coffin. — I  believe  that  it  would  be  desirable 
in  many  cases  to  collect  the  cost  of  a  sewerage  system  by  some 
method  of  annual  payments,  thus  making  its  financial  management 
similar  to  that  of  a  system  of  water  works.  In  the  latter,  a  certain 
portion  of  the  annual  cost  of  maintenance,  including  interest  on 
the  bonds  and  the  amount  provided  for  a  sinking  fund,  is  quite 
generally  raised  by  taxation,  and  is  considered  a  just  payment 
made  by  property  holders  for  the  fire  protection  afforded  by  the 
water  works.  The  proportion  of  this  to  the  total  cost  of  main- 
tenance varies  in  dififerent  towns  from  nothing  to  60  per  cent. 

There  arise  from  a  sewerage  system  general  benefits  which 
inure  to  the  citizens  and  property  holders,  and  which  are  distinct 
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from  the  l)cnefits  conferred  1)\-  the  actual  use  of  the  sewers.  If  the 
total  annual  cost  of  maintenance,  including-  interest  and  a  sufficient 
provision  for  a  sinking  fund  to  extinguish  the  sewer  debt  in  a  cer- 
tain term  of  years,  could  be  treated  in  a  manner  similar  to  the  ex- 
pense of  a  water  supply  system,  the  city  paying  its  proper  propor- 
tion from  the  general  tax  levy  of  each  year,  and  the  abutters  and 
users  the  remainder,  the  problem  of  meeting  the  cost  of  sewers 
would  be  much  easier.  With  such  a  system,  something  similar  to 
the  present  methods  of  assessing  abutters  might  be  adopted,  viz: 
Upon  area  and  frontage.  A  third  factor  should  be  added  which 
would  represent  the  actual  use  or  entering  of  the  sewer.  This  fac- 
tor should  not  apply  to  vacant  lots.  It  is  suggested  that  the  water 
consumption  be  the  third  factor.  Perhaps  this  would  be  the  best 
basis  where  the  water  works  are  owned  by  the  municipality.  It 
might  not  be  practical  when  they  are  owned  by  a  private  corpora- 
tion to  whose  books  the  officials  of  the  town  have  no  right  of  ac- 
cess. The  relation  of  the  consumption  of  water  to  the  amount  of 
sewage  is  not  so  close  as  is  sometimes  assumed,  and  the  proportion 
would  vary  greatly  in  different  towns.  There  is  much  water  that 
does  not  go  into  the  sewers,  as,  for  instance,  that  used  on  lawns,  in 
boilers,  for  some  kinds  of  manufacturing,  and  by  railroads.  So 
that,  with  this  for  a  basis,  some  discrimination  might  be  necessary. 
It  is  possible  that  the  assessed  valuation  of  the  buildings,  exclusive 
of  land,  would  be  practicable  as  the  third  factor,  or  that  repre- 
senting the  use  of  the  sewers. 

It  is  suggested  that  the  sewers  be  put  under  the  charge  of  the 
water  board,  and  also  that  the  cost  of  the  sewers  be  charged  to  the 
water  takers.  There  might  be  advantages  in  having  both  depart- 
ments under  the  same  control,  especially  in  small  towns.  I  do 
not  believe,  however,  that  any  part  of  the  sewer  expenses  should  be 
charged  to  water  takers  as  such.  The  two  accounts  should  be  kept 
entirely  separate,  and  separate  bills  or  separate  items  should  be 
rendered  for  each.  The  need  of  a  sewerage  system  is  not  caused 
by  the  existence  of  the  water  supply.  On  the  contrary,  a  modern 
separate  system  of  sewers  is  made  possible  only  by  the  existence  of 
the  water  supply,  and  is  indebted  to  it  for  a  vehicle  of  transporta- 
tion. 

It  would  not  be  just  nor  politic  to  burden  the  water  works 
with  the  expense  of  a  sewer  system.  It  would  not  advance  the 
cause  of  sewer  construction,  but  would  create  opposition.  Even 
if  the  consumption  of  water  is  made  the  basis  of  a  portion  of  the 
sewer  rates,  let  the  charge  be  a  separate  one  for  sewer  service,  not 
for  water. 
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Mr.  Louis  E.  Hawes. — I  have  been  greatly  impressed  by  the 
wide  variation  in  the  methods  of  assessing  the  cost  of  sewers.  In 
compiHng  information  on  the  subject  I  found  that  the  methods 
range  from  the  one  in  use  in  a  western  city,  wherein  there  were 
reported  to  be  200  miles  of  sewers  the  entire  cost  of  which  had 
been  paid  by  the  abutters;  to  the  methods  adopted  in  several  places 
in  Massachusetts  by  authority  of  recent  legislation,  which  ap- 
proaches more  closely  to  an  equitable  ratio  of  apportionment. 

I  fully  concur  in  the  opinion  that  the  large  first  cost  to  the  in- 
dividual by  the  methods  in  vogue  is  and  has  been  acting  as  a  seri- 
ous impediment  to  the  extension  of  sewerage  facilities  in  towns 
and  cities,  and  firmly  believe  that  if  some  method  can  be  devised 
which  will  reduce  the  large  first  cost  to  the. individual,  it  will  have 
a  wonderful  effect  in  assisting  the  introduction  of  systems  of  sewer- 
age into  towns. 

I  would  like  to  ask  Mr.  Snow  whether,  since  sewers  were  con- 
structed and  connections  made  in  Brockton,  he  has  calculated  the 
average  assessment  to  the  individual  by  the  method  adopted  there. 

Mr.  F.  Herbert  Snow. — The  average  assessment  for  the  cost 
of  the  system  amounts  to  about  50  cents  per  linear  foot.  or.  for 
resident  estates,  $30. 

The  rental  averages  from  $8.00  to  $9.00.  I  have  yet  to  hear 
the  complaint  that  this  is  an  exorbitant  charge.  The  fact  is,  it 
efifects  an  actual  saving,  as  the  cost  of  removing  the  contents  of 
the  old  cesspools  and  privy  vaults  was  three  or  four  times  greater 
per  unit.  All  the  estates  where  tight  cesspools  were  used,  ac- 
cepted the  first  opportunity  to  connect  with  the  sewer.  If  the 
Board  of  Health  should  decree  that  every  old,  loose,  leaking,  and 
treacherous  cesspool  should  be  made  tight  and  properly  kept,  such 
a  demand  for  a  sewer  in  every  street  would  result  as  to  dispel  the 
notion  that  an  JBS.oo  rental  operates  to  make  people  opposed  to 
sewerage. 

This  should  be  a  satisfactory  answer,  in  Brockton's  case,  to 
Mr,  Kimball,  who  fears  that  rental  might  keep  people  from  con- 
necting. I  agree  with  him  that  undoubtedly,  if  a  sewerage  system 
did  not  cost  anything  to  them,  many  more  estates  would  connect; 
but  sewerage  systems  are  expensive  and  the  question  is,  "How  can 
this  inevitable  expense  be  most  equitably  apportioned?"  Why 
should  not  the  estates  l)enetited  pay  this  cost?  The  time  is  coming 
when  sewerage  debts  will  be  paid  as  water  debts,  and  the  poorer 
people  will  wonder  why  they  ever  submitted  to  be  taxed  under  the 
old  regime. 

A  strangre  fact  is  that  the  water  bills  cfencrallv  have  not  in- 
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creased  in  houses  connected  with  the  sewer.  The  water  consump- 
tion has  sHg-htly  increased,  but  not  enough  to  affect  the  water 
bills. 

It  is  hardly  fair  to  include  the  cost  of  particular  sewers  as  a 
part  of  the  first  cost  mentioned  by  Mr.  Hawes,  as  it  is  a  private 
matter,  as  also  is  the  cost  of  plumbing-  and  the  changes  inside  the 
building.  The  average  particular  sewer  from  the  street  sewer  to 
the  house  costs  $26.00.  The  cost  of  the  incidental  expenses  de- 
pends upon  the  kind  of  building  and  its  surroundings.  If  the 
privy  were  in  the  back  yard,  the  house  plumbed  only  for  sinks  and 
without  a  bathroom  and  heating  system,  the  cost  usually  means  an 
addition  to  the  house  or  remodelling  inside  for  the  water-closet 
and  ]:)athroom,  some  method  of  heating  and  modern  plumbing  for 
the  entire  house  as  per  ordinance,  which,  as  I  said  before,  all  told 
amounts  to  from  $300  to  $500.  This  first  cost  is  the  troublesome 
one  in  the  City  of  Brockton. 

I  wish  to  anticipate  exceptions  to  my  statement  that  there  is 
no  law  that  can  force  a  C()nnectir>n  when  an  estate  is  not  a  sanitarv 
nuisance.  I  am  well  aware  af  the  Act  of  1890,  which  provides 
that  every  building  shall,  when  required  by  the  Board  of  Health, 
be  connected  with  the  public  sewer.  This  is  one  of  the  rules  of  our 
Board  of  Health,  but  the  Board  do  not  care  to  proceed  under  it  to 
order  a  general  connecting  up  over  the  whole  city  or  on  any  par- 
ticular street.  The  City  Solicitor  says  the  law  is  faulty  and  the 
Board  prefers  to  use  the  regulation  in  individual  cases  with  success, 
rather  than  to  be  defeated  and  shorn  of  its  power  by  the  concerted 
opposition  of  the  community. 

The  law  cited  does  not  enlarge  the  duties  of  the  Board  of 
Health.  To  ascertain  what  they  are  prior  statutes  nmst  be  con- 
sulted, and  one  finds  that  the  Board  exists  for  distinctive  purposes. 
It  is  only  when  the  individual  uses  his  property  so  as  to  threaten 
the  health  of  his  neighbor  that  this  Board  can  have  jurisdiction. 
It  can  then  order  a  nuisance  abated  and  the  owner  may  have  a 
choice  of  ways.  But  now  the  law  of  1890  says:  If  required  by  the 
Board  of  Health,  the  building  shall  be  connected  with  the  sewer. 
That  is,  all  the  law  does  is  to  prescribe  a  compulsory  remedy  to  be 
left  in  the  hands  of  the  health  authorities.  This  interpretation  of 
the  law  seems  to  be  just  and  plain. 

I  have  in  my  hand  a  copy  of  the  Journal  of  the  Massachusetts 
Association  of  Boards  of  Health. 

In  the  spring  of  1895  the  Association  visited  Brockton  and  in- 
spected the  sewerage  system,  and  in  discussing  sanitary  matters 
this  question  of  connection  was  brought  up.  This  Journal  con- 
tains an  account  of  what  was  said. 
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Here  is  one  officer  who  says,  "That  while  we  can  compel  con- 
nection with  the  sewer,  we  cannot,  wlun  there  is  an  old  privy  and 
it  is  not  a  nuisance,  compel  the  privy  to  be  connected." 

Dr.  Durgin,  of  Boston,  says:  "Yon  may  make  a  party  connect 
and  he  will  connect  something  with  the  sewer,  and  leave  his  old 
vault  or  cesspool  just  as  bad  as  before.  The  law  should  be 
amended  so  that  we  may  get  rid  of  those  old  vaults  and  cesspools." 

Another  officer  says:  "We  have  felt  the  same  defect  in  the 
law\  We  have  only  been  able  directly  to  abolish  privy  vaults  and 
cesspools  in  those  cases  where  they  were  nuisances.  Additional 
legislation  will  be  very  desirable  to  compel  a  thorough  change  in 
the  premises  at  the  time  the  connection  is  made." 

Any  member  caring  to  read  the  full  discussion  can  find  it  in 
the  June  number  of  the  Journal  for  1895. 


si:wi:k  assi:ss31i:nts  ix  boston. 


Bv  Charles  R.  Cutter,  Department  Superintendent  of  Sewers. 


It  has  been  suggested  to  me  by  your  Secretary  that,  as  Super- 
intendent of  the  Sewer  Division  of  the  city  of  Boston,  I  was  in 
a  position  to  give  valuable  criticism  on  the  "Brockton  Plan"  of 
assessing  a  system  of  sewerage,  as  devised  by  the  engineer  of  that 
city,  Mr.  F.  Herbert  Snow,  and  also  to  say  why  a  "rental  system" 
would  not  be  applicable  to  the  city  of  Boston.  In  view  of  the 
limited  time  in  which  I  have  had  to  consider  such  a  very  compli- 
cated matter,  my  criticism,  if  any,  would  be  superficial  and  not 
worthy  the  importance  of  the  subject.  I  can  only  say  that  I 
should  consider  Engineer  Snow's  plan  a  most  ingenious  and  prac- 
ticable method  for  equitably  assessing  upon  the  inhabitants  of  the 
city  of  Brockton  the  cost  of  its  sewerage  system,  in  proportion  as 
they  individually  derived  actual  benefit  therefrom,  and  a  scheme 
valuable  for  guidance  of  the  members  of  this  society  in  building 
sewerage  plants  of  similar  size  in  cities  and  towns  under  similar 
financial  circumstances. 

Mr.  Snow  seems  to  have  anticipated  all  reasonable  criticism 
of  his  method,  but  I  should  suggest  that  the  compulsory  connec- 
tion of  all  estates  abutting  on  the  sewers  was  a  highly  important 
desideratum. 

Since  the  incorijoralion  of  the  city  of  Boston  in  1822,  which 
is  also  the  date  of  the  public  ownership  of  any  structures  that 
might  be  called  sewers,  the  city  has  been  struggling  to  assess  as 
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a  special  tax  upon  those  inhabitants  directly  benefited  a  propor- 
tion of  the  cost  of  the  sewers  built.  From  the  mass  of  laws  and 
ordinances  promulgated  to  that  end,  there  can  be  separated  the 
following-  six  g-eneral  laws  for  the  assessment  of  sewers  in  the 
city  of  Boston: — 

First  (1823).  "That  every  person  who  shall  enter  his  or  her 
particular  drain  into  a  common  sewer,  or  shall  otherwise  be  bene- 
fited thereby,  shall  be  held  to  pay  the  city  such  sum  of  money  as 
the  Mayor  and  Aldermen  shall  deem  just  and  reasonable,  having- 
reference  always  to  the  valuation  of  each  estate  connected  with  said 
drains  in  the  assessors'  books,  etc." 

The  process  seems  to  have  been  as  follows:  the  city  built  a 
sewer  in  a  particular  street,  paid  for  same  by  moneys  raised  in  the 
general  tax  levy,  and  the  Mayor  and  Aldermen  deemed  it  neces- 
sary, in  some  cases,  to  levy  no  assessment  whatever,  and  in  other 
cases  to  assess  the  abutting-  estates  the  whole  cost  of  the  sewer,  in 
proportion  to  the  area  of  the  estate  and  the  assessor's  valuation 
of  the  same  per  square  foot. 

Second  (1841).  "That  not  less  than  one-quarter  part  of  the  ex- 
pense of  constructing-  sewers  shall  be  paid  by  the  city  of  Boston, 
and  shall  not  be  charged  upon  those  using  the  said  main  drains  or 
common  sewers." 

Third  (1875).  "That  the  Board  of  Aldermen,  in  making  assess- 
ments for  defraying  the  expense  of  constructing  or  repairing  com- 
mon sewers,  shall  deduct  therefrom  such  part — no  less  than  one- 
quarter — as  they  may  deem  expedient,  and  assess  the  remainder 
upon  persons  or  estates  deriving  benefit  from  such  common  sewer, 
either  by  the  entry  of  their  particular  drain  or  by  any  remote 
means,  apportioning  the  assessment  according  to  the  area  of  the 
lands  benefited." 

Under  this  law  considerable  latitude  was  given  the  authori- 
ties in  determining  how  large  an  area  was  benefited  by  a  particular 
sewer,  in  the  majority  of  cases  all  estates  abutting  on  the  sewer 
paying  three-quarters  of  the  cost  by  this  special  tax,  and  in  other 
cases  three-quarters  of  the  cost  being  spread  over  abutting  estates 
and  considerable  territory  not  immediately  abutting  on  the  sewer, 
which  territory  in  time  was  improved  and  built  upon,  and  was 
again  assessed  for  sewers  made  in  its  streets. 

Fourth.  In  1878  the  General  Statutes  were  amended  so  that  "a 
proportional  part  of  the  charge,  not  already  assessed,  of  making 
and  repairing  other  main  drains  or  common  sewers  through  which 
the  same  discharges"  could  be  added  to  three-quarters  of  the  cost 
of  the  sewer  and  assessed  upon  those  benefited,  and  about    1880 
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the  city  began  to  map  out  its  suburban  districts  into  drainage 
areas,  and  determine  a  certain  portion  of  the  cost  of  the  main  sewer 
built  in  that  drainage  area  to  be  added  to  the  cost  of  all  tributary 
sewers  to  be  built  in  that  area;  also  to  limit  the  area  to  be  assessed 
in  any  particular  street  to  that  portion  of  the  estate  within  150  feet 
(soon  changed  to  125  feet)  of  the  street  line,  and  that  no  estate 
should  be  assessed  more  than  once  for  a  sewer.  Under  this  sys- 
tem of  assessment,  which  lasted  until  1889,  or  practically  ten  years, 
and  during  which  time  the  city  had  been  actively  engaged  in 
sewering  the  outlying  districts  annexed  to  Boston,  it  is  remarkable 
that  the  city  was  paid  back,  by  means  of  assessments,  less  than  35 
per  cent,  of  the  moneys  expended  in  constructing  sewers;  the  ex- 
cessive cost  of  the  mains  and  tributaries  in  the  suburban  districts, 
in  proportion  to  the  valuation  of  the  unimproved  territory,  being 
a  potent  factor  in  encouraging  abatements. 

Fifth.  In  1889,  in  accordance  with  the  recommendation  of  the 
Superintendent  of  Sewers,  whose  theory  it  was  that  "a  uniform 
rate  per  square  foot  of  land  benefited,  or  a  uniform  cost  per  linear 
foot  of  sewer,  can  be  established,  based  upon  the  average  cost  of 
sewers  already  built,  which  will  yield  an  equal  amount  of  revenue 
to  the  city  and  be  more  equitable  and  satisfactory  to  those  as- 
sessed," an  act  of  the  Legislature  was  passed  providing  for  an 
assessment  of  area  within  100  feet  of  the  street  in  which  the  sewer 
was  situated,  amounting  to  the  sum  obtained  by  multiplying  the 
number  of  square  feet  of  land  so  situated  by  the  number  repre- 
senting one  two-hundredth  part  of  the  average  cost  per  running- 
foot  of  all  the  main  and  common  sewers  of  the  city  of  Boston  built 
during  the  five  fiscal  years  preceding. 

The  average  cost  of  all  sewers  as  aforesaid  being  conveni- 
entl}-  determined  as  $4.00  j)er  foot,  this  method  gave  an  assessment 
of  two  cents  per  square  foot;  but  it  being  found  in  an  extremely 
small  number  of  cases  that  by  this  method  the  city  assessed  more 
than  the  cost  of  a  particular  sewer  on  the  abutters,  the  law  was 
amended  in  1890,  fixing  the  rate  at  one  cent  per  square  foot  of 
area  within  100  feet  of  the  street,  and  making  an  abatement  of  50 
per  cent,  on  all  assessments  made  under  the  Act  of  1889.  This 
law  was  in  force  until  1892,  and  under  its  provisions  the  city 
assessed  only  24  per  cent,  of  the  cost  of  the  sewers  constructed. 

Three  radical  changes  in  the  general  law  of  assessing  sewers 
in  the  city  were  also  made  in  these  Acts  of  1889  and  1890: — 

First.  That  the  assessments  were  to  be  made  by  the  Superin- 
tendent of  Sewers,  thus  taking  the  matter  out  of  the  hands  of  the 
Mayor  and  Board  of  Aldermen. 
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Second.  That  the  power  of  abatement  was  aboHshed,  except, 
of  course,  the  appeal  to  a  jury  under  the  General  Statutes. 

Third.  The  assessment  was  a  lien  on  the  estate  vmtil  the 
amount  was  paid,  and  its  collection  could  not  be  demanded  until 
the  estate  had  connected  with  the  sewer  for  which  it  had  been 
assessed;  but  upon  payment,  5  per  cent,  interest  should  be  added 
from  the  date  of  completion  of  the  sewer. 

Although  the  city  was  unable,  under  this  law,  to  assess  but 
24  per  cent,  of  the  cost  of  the  sewers  constructed,  as  I  have 
previously  stated,  yet  24  per  cent,  of  the  amount  assessed  remains 
uncollected,  and  is  a  lien  on  the  estates  assessed,  at  5  per  cent, 
interest. 

All  sewers  built  by  the  city  of  Boston  previous  to  1892,  with 
few  exceptions,  had  been  paid  for  with  moneys  appropriated  for 
their  construction  raised  in  the  general  tax  levy;  but  in  1892  the 
city  found  itself  unable  to  raise  a  dollar  in  the  tax  levy,  and  with 
borrowing  capacity  limited  by  law,  and  the  rate  of  taxation  limited 
by  law,  and  demands  made  for  increased  running  expenses  and  all 
sorts  of  public  improvements,  and,  in  addition,  realizing  very  sud- 
denly that  the  special  assessments  as  levied  in  accordance  with  the 
various  laws  had  been  returning  a  very  small  per  cent,  of  the 
money  expended  for  sewers,  it  was  thought  about  time  to  consider 
the  subject  anew,  and  devise  some  method  whereby  the  city  could 
meet  the  ever-increasing  demands  for  sewerage;  and  a  law  was 
enacted  by  the  Legislature,  which  I  condense  as  follows,  and  which 
is  the  sixth  method  of  assessing  sewers  in  the  city : — 

First.  The  Superintendent  of  Streets  must  build  such  sewers 
as  the  Mayor  and  Aldermen  shall  order. 

Second.  The  expense  shall  be  paid  out  of  money  annually 
appropriated  by  vote  of  the  City  Council,  the  money  so  appropri- 
ated to  be  obtained  from  the  sales  of  bonds  and  certificates,  payable 
in  ten  years  from  their  date  and  bearing  interest  at  4^  per  cent,  per 
annum,  and  payable  semi-annually,  the  total  of  all  amounts  so 
appropriated  in  any  one  year  not  to  exceed  one  million  dollars, 
nor  the  total  amount  of  all  bonds  and  certificates  outstanding  to 
be  more  than  three  million  dollars  in  excess  of  the  sinking  funds 
established  for  the  payment  of  said  debt,  and  said  amounts  not  to 
be  reckoned  in  determining  the  authorized  Iwiit  of  indebtedness  of 
the  city. 

Third.  That  the  moneys  expended  shall  be  repaid  to  the  city 
by  the  owners  of  the  parcels  of  land  bordering  on  the  sewer,  to  an 
amount  not  exceeding  $4.00  per  lineal  foot  of  sewer. 

Fourth.  That  said  amount  shall  be  apportioned  in  proportion 
to  the  frontasfe  of  the  estates. 


42  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Fifth.  Various  provisions  regarding  interest  and  the  division 
of  the  assessments  into  ten  yearly  payments,  to  be  collected  by  the 
assessors  with  the  real  estate  tax,  if  said  assessments  are  not  paid 
within  one  year  from  the  date  of  determination. 

Under  this  act,  during  the  years  1892  and  1896,  the  city  of 
Boston  has  constructed  an  immense  number  of  sewers,  and  their 
cost,  up  to  $4.00  per  lineal  foot  of  sewer,  has  been  assessed  upon 
the  abutters,  and  has  amounted  to  60  per  cent,  of  the  moneys 
expended.  The  average  assessment  per  front  foot  for  the  first 
three  years  was  about  $1.60. 

But  in  1894  those  owners  of  corner  estates  who  had  previously 
been  assessed  for  a  sewer  objected  to  being  assessed  for  another 
sewer;  so  to  relieve  their  burden,  the  law  was  amended  so  as  to 
exempt  their  corner  estates  one  hundred  (100)  feet  in  determining 
the.  rate  per  front  foot,  thus  decreasing  the  assessable  frontage  and 
increasing  the  rate  per  front  foot.  In  case  of  short  sewers,  of 
high  cost,  the  assessment  becomes  an  absurdity  under  this  act. 

I  have  now  given  you  only  a  sketch  of  what  has  been  done 
in  the  city  of  Boston  regarding  the  assessment  of  its  sewers,  with- 
out discussing  the  particular  points  of  w^eakness  of  each  law. 

The  main  object  of  the  city  seems  to  have  been  to  supply  the 
demand  for  sewers  as  w-ell  as  it  could,  get  the  money  where  it 
could,  and  get  a  return  of  75  per  cent,  by  some  means  of  assess- 
ment ,and  it  has  not  been  very  successful  in  getting  such  a  return. 
With  a  population  of  over  500,000  inhabitants,  steadily  increasing; 
with  a  sewerage  plant  pumping  on  the  average  over  75,000,000 
gallons  per  twenty-four  hours,  with  over  450  miles  of  sewers,  and 
with  the  abutters  assessed  under  six  or  more  different  methods 
of  assessments,  with  over  150  miles  of  streets  unsewered,  and 
many  sew^ers  that  are  built  needing  reconstruction,  with  an  imper- 
fect system  of  surface  drainage  and  crying  demands  that  it 
be  perfected  immediately;  with  the  possibility  that  the  "Greater 
Boston"  may  be  realized  in  the  near  future;  with  the  ever- 
increasing  difficulty  in  obtaining  money  for  public  improvements; 
in  view  of  all  these  complications,  I  hesitate,  at  such  short  notice, 
to  consider  the  practicability  of  the  application  of  a  rental  system 
of  sewer  assessments  to  the  citv  of  Boston. 


I  would  state  that  since  the  above  was  written,  !  have,  with 
the  Mayor,  Corporation  Counsel,  and  Superintendent  of  Streets. 
given  this  subject  of  the  rental  of  sewers  a  more  thorough  exam- 
ination, and  the  result  of  that  study  has  been  that  the  Mayor  has 
formulated  a  bill  and  submitted  it  to  the  Legislature  in  regard  to 
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a  rental  system  for  the  construction  and  maintenance  of  sewers  for 
the  city  of  Boston. 

Section  3  of  this  l^ill  reads  as  follows:— 

Section  3.  Said  board  shall  establish  just  and  equitable 
charges  for  the  use  of  sewers  constructed  after  the  passage  of  this 
act,  to  be  paid  by  every  estate  abutting  on  the  portion  of  the  street 
in  which  such  sewers  are  located,  and  may  change  said  charges 
from  year  to  year;  said  board  shall  likewise  establish  just  and 
equitable  charges  for  the  use  of  sewers  heretofore  constructed,  and 
in  determining  the  amount  of  such  charges  shall  give  all  estates 
for  which  any  assessment  has  been  paid  for  the  construction  of  a 
sewer  such  credit  on  account  of  such  payment  as  in  the  judgment 
of  said  board  would  be  just  and  equitable,  having  regard  in  every 
case  to  the  amount  of  assessments  paid  and  the  length  of  time 
which  has  elapsed  since  such  payment,  and  the  amount  of  use  that 
such  estate  has  made  of  the  sewer.  The  determination  of  such 
charges  by  said  board  shall  be  final  in  all  cases. 

Such  charges  shall  constitute  a  lien  upon  the  real  estate,  and 
the  annual  amount  thereof  shall  be  inserted  in  the  tax  bill  for  such 
estate,  and  be  collected  in  the  same  manner  and  as  a  part  of  the 
taxes  on  such  estate. — (C.  R.  C.) 


SEAVER  ASSESSMENTS   IX  MEDFOKD,  MASS. 


)Y  T.  Howard  Barnes,  City  Engineer. 


Medfori)  is  a  city  w'ithin  the  metropolitan  district  of  Boston, 
situated  in  the  Mystic  Valley  division  of  the  Metropolitan  Sewer- 
age System.  Perhaps  Medford  is  more  truly  situated  in  the 
Mystic  Valley  than  any  other  of  the  north-side  cities,  inasmuch 
as  she  is  located  in  about  equal  proportion  of  population  on  each 
side  of  the  Mystic  River.  As  a  result  of  this  location,  she  gets  the 
benefit  of  a  trunk  line  of  the  Metropolitan  sewer  throughout  her 
entire  extent  on  the  north  side  of  the  river.  On  the  south  side 
of  the  river  there  are  connections  possible  only  at  the  extremes 
of  her  limits.  On  the  whole,  the  situation  is  very  favorable  for 
short  trunk  lines  of  sewers  and  shallow  cutting. 

The  population  of  the  city,  at  the  time  the  assessments  were 
determined  upon,  was  about  14,000.  There  had  been  no  sanitary 
sewers  built  within  the  city  until  the  inception  of  the  present  sys- 
tem, the  study  upon  which  was  begun  in  the  latter  part  of  1893, 
and  construction  commenced  in  the  Spring  of  '94.  Under  a  spe- 
cial act  of  the  Legislature  of  1893,  the  system  has  been  constructed. 
This  act  provides  for  Commissioners,  three  in  number,  appointed 
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by  the  Mayor  and  confirmed  by  the  Aldermen,  they  having  entire 
charge  of  the  construction.  The  same  act  makes  provision  for, 
or  rather  estabHshes  hmitations  governing,  the  assessment  of  the 
cost.  These  provisions  are  as  follows  (Sec.  6,  Chapter  i8o):  "The 
City  Council  may  determine  what  proportion  of  the  cost  said  city 
shall  pay,  provided  that  it  shall  not  pay  less  than  one-third  nor 
more  than  one-half  of  the  whole  cost.  The  remaining  cost  of  said 
system  shall  be  borne  by  the  owners  of  estates  situated  within  the 
territory  embraced  by  it  and  benefited  thereby.  *  *  *  The 
owners  of  such  estates  shall  be  assessed  by  said  Commissioners 
their  proportional  parts  respectively  of  such  portion  of  the  total 
cost  of  said  system  as  is  not  borne  by  the  said  city  as  above  pro- 
vided. Such  proportional  parts  shall  be  based  upon  the  estimated 
average  cost  of  all  the  sewers  comprising  said  system,  and  shall  be 
assessed  by  a  fixed  uniform  rate,  according  to  the  frontage  of  such 
estate  upon  any  street  or  way  upon  which  a  sewer  is  constructed, 
or  according  to  the  area  of  such  estate,  within  a  fixed  depth  from 
such  street  or  way,  or  according  to  both  frontage  and  area.  *  * 
Provided  that  said  Board  shall,  on  the  written  request  of  any  such 
owner,  made  within  said  three  months,  apportion  such  assessments 
into  such  number  of  equal  parts  or  instalments,  not  exceeding 
five,  as  said  owner  shall  state  in  such  request,"  etc. 

I'nder  this  statutory  direction,  it  became  necessary  for  the 
City  Council  to  determine:  (i)  \\liat  proportion  should  be  as- 
sessed.    (2)  According  to  what  rule. 

It  may  be  well  to  state  that  Medford,  in  common  with  other 
Metropolitan  municipalities,  is  assessed  for  the  fixed  charges  and 
maintenance  growing  out  of  the  construction  and  operation  of  the 
Metropolitan  trunk  line.  This  expense  is  paid  for  out  of  general 
taxation.  It  may  be  further  stated  that  new  systems  entering  the 
Metropolitan  are  ])lanned  upon  the  "separate"  system,  so  that  the 
cost  of  caring  for  surface  water  is  not  represented  in  an  assess- 
ment for  the  sewerage  system.  These  facts  w-ere  taken  into  con- 
sideration by  the  city  government,  and,  after  being  weighed  care- 
fully, it  was  decided  to  assess  but  one-half  of  the  cost  upon  the 
abutters.  One  of  the  chief  reasons  of  arriving  at  this  conclusion 
was  that  the  item  of  valuation  as  affected  in  the  general  taxation 
w^ould  figure  more  largely  in  defraying  the  cost  of  construction 
than  if  a  smaller  part  were  put  into  the  general  tax.  Further  allu- 
sion to  the  item  of  valuation  will  be  made  later  on. 

The  next  point  was  to  decide  the  method  of  applying  the 
amount  to  be  assessed.  It  was  determined  at  once  that  the  area 
should  bear  one  portion,  and,  owing  to  the  large  numl:)er  of  shal- 
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low  lots,  it  was  deemed  equitable  to  assess  to  a  depth  of  80  feet. 
In  order  to  equalize  the  benefits  accruing  to  a  very  shallow  lot,  it 
was  further  determined  to  assess  some  proportion  of  the  cost  upon 
frontage.  It  may  be  well  to  repeat  right  here  that  when  the  word 
"cost."  is  used  the  estimated  cost  is  meant,  based  upon  construction 
in  that  portion  of  the  city  which,  in  the  judgment  of  the  Commis- 
sioners, would  need  sewers  within  a  period  of  say  ten  years.  The 
total  assessable  area  and  total  assessable  frontage  were  computed 
for  this  district.  One-half  the  estimated  cost  was  divided  in  ratio 
of  about  four-tenths  assessment  upon  the  frontage  and  six-tenths 
of  the  assessment  upon  the  area,  this  making  $0,005  per  square 
foot  upon  the  area  and  $0,254  per  lineal  foot  upon  the  frontage. 

One  provision  of  the  ordinance  enacted  was  that  the  Com- 
missioners should  exempt  so  much  frontage  on  corner  lots  as  was 
deemed  to  be  just  and  equitable.  It  was  deemed  by  them  that  an 
exemption  upon  corner  lots  should  be  made  of  all  that  frontage 
included  within  80  feet,  in  the  nearest  direction,  from  the  street 
upon  which  the  frontage  assessed  was  measured,  and  further  that 
the  frontage  to  be  taken  should  be  that  on  the  longest  way  of  the 
lot.  Thus  a  lot  80  feet  on  one  street  and  50  feet  on  another 
^\■ould  be  assessed  for  80  feet  frontage  and  4,000  square  feet  area, 
while  one  of  100  feet  on  two  sides  would  be  assessed  100  feet  on 
one  street  for  frontage,  with  8,000  square  feet  area,  and  upon  the 
other  street  a  frontage  of  20  feet,  with  1,600  square  feet  area. 

At  the  time  this  ordinance  was  framed  there  was  considerable 
agitation  of  the  question  whether  it  were  not  better,  even  at  that 
late  day,,  to  secure  additional  authority  from  the  Legislature 
whereby  a  rental  for  the  use  of  the  sewer  should  be  charged  in  lieu 
of  the  construction  assessment  or  in  lieu  of  a  portion  thereof,  it 
being  recognized  that  the  value  of  the  sewer  to  an  abutter  was  in 
a  measure  in  proportion  to  the  amount  of  sewage  discharged.  It 
was  also  recognized  that  it  cost  the  city  just  as  much  to  lay  50  feet 
of  pipe  in  front  of  a  lot  on  which  was  a  six-tenement  block  as  to 
lay  the  same  length  in  front  of  a  vacant  lot;  and  although  it  is  true 
that  the  sizes  of  the  trunk  sewers  have  to  be  proportioned  to  carry 
a  volume  of  sewage  discharged  by  an  estimated  population,  still, 
for  a  large  majority  of  all  the  sewers  built,  the  pipe  laid  has  a  ca- 
pacity far  beyond  the  actual  requirements,  simply  for  the  reason 
that  a  less  size  than  eight-inch  is  seldom  used.  This  latter  fact 
was  found  to  be  notably  the  case  for  Medford,  because  of  the 
smallness  of  the  drainage  districts,  there  being  some  districts 
wherein  no  size  larger  than  an  eight-inch  would  be  needed.  It 
was  also  noted  that  the  localities  furnishing  the  most  sewage  were 
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those,  as  a  rule,  of  the  highest  valuation ;  hence  it  was  plain  that 
the  proportion  of  the  cost  of  the  sewers  collected  in  the  general 
taxation  would  tend  to  bear  equitably  upon  these  localities. 
Another  argument  in  favor  of  proceeding  under  the  authority  al- 
ready had  by  tlie  statute,  and  which  put  at  rest  all  considerations 
to  the  contrary,  was  the  possibility  that  at  any  time  a  city  govern- 
ment might  reverse  an  ordinance  which  had  provided  for  a  rental 
system,  and  place,  if  not  the  entire,  at  least  a  larger  proportion  of 
the  cost  of  the  sewers  in  the  general  taxation  than  originally  fixed 
upon.  It  may  be  thought  that  such  a  reversal  would  not  be  pos- 
sible, provided  suitable  statutory  authority  were  enacted,  for  a 
rental  system.  But  it  is  also  apparent  that  no  exact  rule  can  be 
made  by  a  body  so  unwieldy  as  the  Legislature  and  still  leave  that 
necessary  latitude  which  it  is  essential  that  the  city  must  have 
within  which  to  act. 

The  method  being  fixed,  the  w'ork  of  assessment  was  pro- 
ceeded with.  As  had  been  apprehended,  there  were  cases  where 
there  was  a  positive  hardship,  but  the  cases  were  not  many,  and  the 
assessment  was  comparatively  light.  The  estimated  cost  of  the 
system  was  taken  at  $10,000  per  mile,  after  being  carefully  calcu- 
lated, with  a  suf^cient  margin  for  surveys,  maps,  and  clerical  work. 
It  is  interesting  to  note  that  the  loss  to  the  city  in  frontage  on 
account  of  street  intersections,  rights  of  way,  public  parks,  ceme- 
teries, and  miscellaneous  tracts  not  liable  to  assessment  averaged, 
for  the  city,  about  26  per  cent.  Thus,  while  the  estimated  cost  per 
foot  of  sewer  was  about  $1.90,  the  amount  assessed  per  foot  along 
the  street  where  the  lots  ran  80  feet  or  more  in  depth  amounted  to 
$1,308  per  foot. 

On  December  10,  1896,  there  have  been  levied  4,085  assess- 
ments. The  plan  has  been  pursued  of  making  a  separate  assess- 
ment of  each  sub-division  of  a  tract.  The  purpose  of  this  is  to 
avoid  complications.  Where  an  apportionment  of  an  assessment 
is  desired  on  properties,  it  is  frequently  the  case  that  an  owner  will 
pay  on  one  lot  and  get  an  apportionment  upon  an  adjoining  one. 

The  bill  for  the  sewer  assessment  is  made  out  in  the  name  of 
the  owner  at  the  date  when  the  sewer  is  ordered.  The  date  of  the 
bill  is  that  of  the  day  on  which  the  warrant  for  collection  is  sent. 
The  bills  are  made  out  in  the  office  of  the  Commissioners  of  Sewers, 
and  all  collections  made  and  the  necessary  subsequent  demands 
sent  by  the  City  Collector.  There  has  been  no  litigation,  as  yet,  to 
test  any  points  in  regard  to  this  act.  It  may  be  interesting  to  state 
that  the  sewer  assessment  plans  embody  also  a  record  of  the  entire 
work.     They  show  the  properties  assessed,  the  number  of  the  as- 
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sessment,  the  name  of  owner,  frontage  and  area;  also  a  profile  of 
the  sewer,  showing  material,  foundation,  etc.  The  title  gives  the 
dates  upon  which  the  sewers  were  begun  and  ended,  the  date  of 
the  warrant,  the  olifice  profile  to  which  reference  is  had,  the  note- 
book and  inspector's  record  book,  in  which  the  notes  were  taken 
regarding  the  location  and  construction,  and  the  number  of  the 
cost  sheet.  These  plans  are  made  upon  bond  paper,  Weston's  No. 
16,  22  X  28  inches,  being  traced  from  large  sectional  maps  of  the 
city.  Upon  completion  of  the  record  plans  they  will  be  mounted. 
These  plans  also  show  the  location  of  the  house  connections.  Up 
to  date  somewhat  less  than  one-half  of  the  owners  have  applied  for 
apportionments.     Collections  have  been  made  very  promptly. 


SEWKR  ASSESSMKXTS    IX  NEWTON,  MASS. 


By  Henry  D.  Woods,  City  Engineer. 


In  1880  a  commission  on  drains  and  sewers,  appointed  by  the 
city  govermnent,  reported  on  a  plan  for  the  general  sewerage  of 
the  city  of  Newton,  with  an  outlet  into  the  Charles  River  near  the 
Arsenal,  by  an  outfall  sewer  8  ft.  x  9  ft.  The  plan  covered  only  a 
thickly  settled  portion  of  the  city,  although  the  outfall  was  figured 
for  the  whole  city.  The  estimated  cost  of  the  work,  as  planned  at 
that  time,  was  $465,000.  No  progress  was  then  made  beyond  the 
presentation  of  the  report. 

In  1890  the  city  engineer,  the  late  Albert  F.  Noyes,  reported 
on  a  general  system  of  sewerage  for  the  whole  city,  in  connection 
with  the  Metropolitan  sewer,  which  was  soon  to  be  extended  into 
the  Newton  territory.  This  plan  was  laid  out  on  the  separate 
system,  on  account  of  the  necessity  of  all  the  sewage  being  pumped 
at  Moon  Island  before  being  disposed  of.  The  plan  proposed 
contemplated  some  130  miles  of  sewers  through  the  various  streets 
of  the  city,  and  called  for  a  sub-soil  or  ground  water  drain  to  be 
laid  at  the  same  time  as  the  sewers,  and  below  them,  for  the  pur- 
pose of  drying  out  wet  land  and  cellars,  and  also  to  relieve  the 
pressure  of  ground  water  on  the  sewers,  and  prevent,  as  much  as 
possible,  any  infiltration  of  water  into  the  sewer  pipe,  the  object  of 
this  being  to  reduce  to  a  minimum  the  flow  of  sewage  which  would 
eventually  have  to  be  pumped  by  the  Metropolitan  system.  As 
stated  in  the  report  of  the  City  Engineer,  it  was  intended  that  an 
entire  separate  system  should  be  laid  out.  to  care  for  the  surface 
water  through  the  various  streets.     This  woidd  be  built  entirelv 
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independent  of  the  sewer,  and  in  fact  it  was  not  until  1892  that  a 
general  report  on  the  surface  drainage  of  Newton  was  presented 
to  the  .Board. 

The  estimated  cost  of  the  130  miles  of  sewers  as  laid  out  by 
the  plans  and  reported  by  tlie  Engineer  was  $1^^755,000,  or  an 
average  of  $2.56  ])er  running  foot.  As  stated  in  the  report,  the 
cost  of  the  trunk  lines  varying  in  size  from  18"  to  24"  pipe,  and 
24x30  in.  brick,  was  about  $430,000.     . 

As  soon  as  possible,  after  the  report  had  been  accepted,  con- 
struction was  commenced  on  the  system  there  recommended,  and 
this  brought  the  question  of  sewer  assessments  to  more  definite 
consideration,  and  towards  the  end  of  the  year  an  ordinance  was 
passed  which  called  for  the  whole  cost  of  the  sewer  system  as  laid 
out  through  the  city  of  Newton,  to  be  assessed  on  the  abutting 
property.  The  average  cost  of  the  wliole  system  was  estimated  to 
be  $2.56  per  running  foot,  and  the  assessment  of  this  cost  was 
apportioned  4-10  on  the  relative  frontage  and  6-10  on  the  area  of 
abutting  property  back  to  180  feet  from  the  street  line.  The  rates 
under  this  ordinance  were  60  cents  per  front  foot  and  6  mills  per 
square  foot  of  area,  wdth  an  exemption  on  corner  lots  of  the  first 
60  feet  on  a  second  street.  This  ordinance  brought  up  a  very 
heated  discussion  and  several  public  hearings  were  given  before 
the  City  Council  in  relation  to  the  matter,  it  being  claimed,  espe- 
cially, that  the  whole  cost  should  not  be  assessed  on  the  abutting 
property,  but  a  portion  of  it  should  go  into  the  general  tax  levy. 

As  an  actual  fact  and  as  recommended  in  the  City  Engineer's 
report,  tlie  city  was  to  pay  all  the  cost  of  maintenance,  all  the 
charges  in  connection  with  the  Metropolitan  sewer  and  outlet,  in- 
cluding pumjMng  and  also  all  the  cost  of  surface  drainage.  The 
last  item  is  very  large,  and  in  cities  using  the  combined  system, 
becomes  a  part  of  the  cost  of  the  sewer  system,  and  increases  the 
cost  many  times  for  the  reason  that  the  pipes  or  sewers  must  be 
made  manv  times  larger  on  account  of  surface  drainage  than  would 
be  required  for  liovise  sewerage  only;  so  that  even  were  all  the 
cost  of  construction  of  the  Xewton  sewer  system  charged  to  the 
abutting  property,  the  city  at  large  would  still  bear  a  very  large 
portion  of  the  cost  of  disposing  of  the  refuse  water  (surface  drain- 
age, sewage  and  ground  water).  However,  before  any  assess- 
ments had  actually  been  made  under  the  ordinance  of  1890,  a  new 
ordinance,  September  12,  1892,  was  ordained,  wherein  the  city  was 
to  bear  one-quarter  of  the  expense  of  construction  of  the  sewer 
system,  and  the  rate  bf  assessment  became  50  cents  per  front  foot 
and  6  mills  per  square  foot,  with  the  corner  lot  exemption  of  100 


SEWER  ASSESSMENTS. 


49 


feet  frontage  on  the  second  street.  It  will  be  noticed,  as  stated 
above,  that  the  main  trunk  line  of  sewers  were  estimated  to  cost 
about  one-quarter  of  the  total  estimated  cost  of  the  system,  $430,- 
000,  more  or  less,  out  of  $1,755,000,  so  that  the  new  ordinance 
practically  assessed  only  the  cost  of  the  local  sewers  on  the  abut- 
ting property,  leaving  the  city  to  pay  the  cost  of  all  the  trunk  lines. 
In  the  meantime,  construction  having  been  going  on  for  nearly  two 
years,  it  was  found  that  the  cost  of  the  work  would  exceed  some- 
what the  original  estimate.  By  a  new  estimate  made  by  the  City 
Engineer  the  average  cost  per  foot  was  found  to  be  $2,685,  ^^id 
this  was  the  rate  on  which  the  assessment  was  based  in  the  new 
ordinance. 

The  assessments  were  sent  out  that  year  under  this  ordinance, 
but  much  complaint  was  still  found,  the  rate  of  50  cents  on  frontage 
being  considered  a  great  hardship.  The  next  city  government  re- 
considered the  whole  matter  and  finally  on  June  26,  1893,  made  a 
change  in  the  ordinance  by  which  the  city  assumed  one-half  of  the 
cost  of  construction,  the  other  half  being  borne  by  the  abuttors, 
with  the  rates  of  15  cents  per  front  foot,  and  5^  mills  per  square 
foot,  back  to  a  distance  of  180  feet  from  the  street,  the  question  of 
corner  lot  frontage  being  left  to  the  discretion  of  the  Board.  This 
is  the  ordinance  in  force  at  the  present  time,  and  it  has  been  the 
decision  of  the  Board  that  all  frontage  should  be  paid  for  at  the 
rate  of  15  cents  whether  on  one,  two  or  three  streets.  If  I  remem- 
ber rightly  there  is  one  case  in  the  city  where  a  lot  borders  on  four 
different  streets,  and  this  does  not  happen  to  be  a  corner  lot  either, 
but  more  in  the  shape  of  a  cross. 

With  regard  to  the  working  of  the  ordinance,  there  does  not 
seem  to  be  a  very  large  amount  of  kicking,  not  more  than  would 
be  naturally  expected  against  any  form  of  sewer  tax.  Tax-payers 
always  have  the  option,  when  the  assessment  bill  is  sent  them,  of 
applying  within  a  certain  time  to  have  the  amount  apportioned  into 
ten  or  less  annual  payments,  they  paying  interest  on  amounts  due. 
This  privilege  is  verv  generallv  availed  of,  and  as  far  as  the  finances 
of  the  city  are  concerned,  increases  to  a  certain  extent  the  amount 
of  money  that  the  city  is  obliged  to  borrow  for  construction,  for, 
by  rights,  money  coming  in  from  assessments  should  be  used  over 
again  to  pay  the  expenses  of  current  construction  rather  than  to 
require  the  city  to  borrow  outside  money  to  do  this  work. 

No  entrance  fee  is  charged  in  Newton,  the  bill  of  assessment 
covering  all  the  charge  made  on  each  piece  of  land.     This  might 
be  considered  somewhat  of  a  hardship  from  the  fact  that  unim- 
proved land  pays  the  same  as  land  which  is  l)uilt  upon  and  actually 
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using  the  sewer.  Of  course,  as  a  rule,  the  assessment  on  unim- 
proved land  is  apportioned,  but  still  the  amount  is  the  same  for  the 
same  sized  and  shaped  lots  as  a  lot  in  the  village  which  may  be 
occupied  by  a  tenement  or  a  brick  block. 

In  cases  where  a  lot  with  a  house  upon  it  is  beyond  the  i8o 
foot  line  and  it  is  desired  to  connect  it  with  the  sewer,  the  ordi- 
nance calls  for  payment  of  a  reasonable  sum  to  be  determined  by 
the  Mayor  and  Aldermen.  It  has  been  customary  in  this  case  to 
fix  this  sum  to  correspond  to  an  area  of  about  50  feet  all  around 
the  building,  more  or  less,  according  to  the  location,  and  to  tax  it 
at  the  5-]-  mills  per  square  foot  rate,  so  that  if  at  any  time  a  new 
street  is  built,  or  a  sewer  is  built  on  a  present  street  contiguous  to 
this  lot,  the  amount  already  paid  for  sewer  assessment  can  easily  be 
deducted  from  the  area  assessment  due  on  the  new  sewer.  This 
seemed  to  be  the  simplest  and  most  equitable  way  to  arrive  at  a 
charge  on  buildings  outside  of  the  ordinance  limit. 

One  peculiar  case  which  has  come  up  in  Newton  and  is  liable 
to  come  up  in  many  places  where  large  estates  still  exists,  is  the 
one  where  the  building  which  is  to  be  connected  with  the  sewer  is 
beyond  the  180  foot  limit,  or  sets  on  the  line,  and  the  sewer  assess- 
ment has  been  levied  on  all  the  land  within  180  feet.  Great  objec- 
tion has  been  made  to  paying  an  additional  assessment,  and  the 
matter  has  had  to  be  waved  at  the  present  time,  but  should  the 
estate  be  opened  up  with  streets  there  is  no  doubt  that  an  area 
assessment  on  the  new  street  could  be  applied  to  the  land  on  which 
the  house  is  standing  and  could  be  collected  under  the  ordinance. 

It  has  been  customary  where  the  end  of  the  sewer  stops  in 
front  of  a  lot  to  assess  on  either  side  of  the  street  to  a  right  angle 
line  50  feet  beyond  the  end  of  the  sewer,  unless  this  line  strikes  a 
lot  before  which  the  sewer  does  not  pass.  The  reason  for  this  is 
that  in  many  cases  a  house  is  built  within  50  feet  of  the  end  of  the 
sewer  and  can  be  connected  into  the  manhole  (and  in  fact  in  many 
cases  this  has  been  done)  when  there  is  no  liability  of  the  sewer 
being  built  any  farther,  this  very  often  being  a  summit  as  far  as 
sewer  grade  is  concerned.  Some  definite  line  has  to  be  decided  on 
for  this  purpose,  as  a  house  might  be  built  just  opposite  a  man- 
hole or  the  end  of  the  sewer,  and  if  a  two-tenement  house,  the 
second  tenement  might  be  entirely  beyond  the  end  of  the  sewer, 
yet  both  be  connected  through  the  same  trench. 

I  might  state  here  that  house  connections  are  mostly  made 
by  the  city,  the  actual  cost  being  paid  by  the  abutter,  a  deposit 
being  made  by  the  abutter  on  the  estimated  cost  before  the  work 
was  commenced.     The  ordinance  allows  the  work  to  be  done  by 
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licensed  drain  layers,  but  there  have  been  but  two  or  three  licenses 
granted  in  the  last  five  years,  none  being-  applied  for. 

With  regard  to  the  method  used  in  Brockton  and  described 
in  Mr.  Snow's  paper,  it  would  seem  as  if  the  charge  wliich  is  ap- 
plied to  meter  rates  of  water  service  would  be  liable  to  cause  con- 
siderable trouble  unless  parties  go  to  the  expense  of  having  sepa- 
rate meters  applied:  All  w^ater  used  for  lawns  and  gardens,  and 
in  many  cases  used  for  washing  carriages,  would  affect  the  charge 
for  the  use  of  the  sewers,  and  it  would  seem  as  if  this  would  bring 
in  one  more  element  of  dissatisfaction  and  complaint.  In  estab- 
lishing a  rate  on  this  basis  so  many  elements  of  uncertainty  have 
to  be  considered,  that,  as  Mr.  Snow  states,  the  rate  will  have  to  be 
changed  once  in  a  while  even  at  long  intervals,  and  it  seems  as  if 
the  keeping'  of  the  accounts  in  the  Treasurer's  office  would  be  con- 
siderably complicated,  owing  to  the  fact  that  it  would  be  necessary 
from  time  to  time  to  adjust  the  income  with  the  expenses.  Where 
only  the  frontage  and  area  are  charged  the  whole  amount  to  be  col- 
lected can  be  figured  quite  closely  by  going  over  a  plan  of  the 
streets  as  far  as  laid  out,  and  the  amount  collected  later  on  for 
streets  to  be  laid  out  will  be  balanced,  to  a  more  or  less  extent,  by 
the  cost  of  construction  in  those  streets  and  to  them  where  they 
are  in  distant  localities. 

In  the  city  of  Newton,  when  the  ordinance  changing  the  rate 
was  passed,  it  was  necessary  to  abate  all  the  old  bills  and  readjust 
them  to  the  new  rates,  which  was  a  matter  of  considerable  clerical 
work  and  necessitated  manv  changes  on  the  books. 
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By  George  A.  Wetherbee.  City  Engineer. 


I  CANNOT  help  feeling  that  Mr.  Snow  has  contributed,  in  his 
interesting  and  instructive  paper,  a  very  valuable  addition  to  sew- 
erage literature.  Although  I  am  not  prepared  at  this  moment  to 
agree  with  him  entirely  in  regard  to  the  rate  system  as  a  means  of 
satisfactorily  solving  the  problem  of  sewer  assessments,  whether 
as  a  part  of  the  assessment  or  the  whole,  I  am  satisfied  that  his 
investigation  is  in  the  right  direction. 

As  the  method  adopted  by  the  Commissioners  in  Maiden  re- 
sembles, in  a  way,  the  method  designed  by  Mr.  Snow,  with  the  ad- 
dition of  perhaps  some  interesting  peculiarities,  it  might  be  well  to 
give  a  brief  description  of  our  method. 
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When  the  wise  men  of  Maiden  first  considered  the  question  of 
sewer  assessments,  or,  more  properly  speakin*:^,  the  method  of  rais- 
inq-  money  for  the  licjuidation  of  the  sewerage  debt,  the  ([uestion 
of  a  yearly  rental,  suggested,  presumably,  by  the  almost  universal 
method  of  paying  a  water  debt,  was  so  favorably  considered  that  a 
si)ecial  act  for  our  sewerage  system  was  the  result,  of  which  the 
following  sections  form  a  part: 

Chapter  i8cS,  of  the  Acts  of  1890.  An  act  to  i)rovide  for  the 
building,  maintenance,  and  operation  of  a  system  of  sewerage  dis- 
posal for  the  City  of  Maiden. 

Section  2.  The  City  Council  may  provide  by  ordinance  that 
ow^ners  of  estates  on  which  there  are  buildings  situated  upon  any 
street  or  way  through  which  a  main  drain  or  common  sewer  has 
been  constructed  shall  construct  and  maintain  such  drains  through 
their  premises,  as  may  be  necessary  to  conduct  the  sewage  from 
said  estates,  and  shall  enter  said  drains  into  said  main  drain  or 
common  sewer,  provided  the  grade  or  level  of  said  estates  is  such 
that  said  sewage  can  be  drained  into  such  drain  or  sewer. 

Section  3.  The  City  Council  may,  by  ordinance,  establish  an- 
nual rates  to  be  paid  by  the  owners  or  occupants  of  estates  upon 
any  street  or  way  through  which  a  main  drain  or  common  sewer 
has  been  constructed,  provided  the  grade  or  level  of  said  estates  is 
such  that  the  sewage  from  said  estates  can  be  drained  into  such 
drain  or  sewer;  and  may  change  the  same  from  time  to  time.  Un- 
improved estates  may  be  excepted,  either  while  unimproved  or  for 
a  term  of  vears,  or  such  discrimination  may  be  made  for  the  relief 
of  said  estates  in  fixing  the  amount  of  said  annual  rates  as  may  be 
deemed  etpiitable.  The  City  Council,  by  ordinance,  shall  fix  the 
sums  which  such  owners  may  pay  in  lieu  of  said  annual  rates,  and 
said  sums  shall,  upon  the  written  request  of  any  of  said  owners,  be 
apportioned  in  three  equal  parts;  and  one  of  said  parts  with  interest 
thereon  from  the  date  of  said  apportionment  shall  be  paid  in  each 
of  the  three  }ears  next  ensuing. 

Said  annual  rates  and  said  sums  to  be  paid  in  lieu  thereof  shall 
constitute  a  lien  upon  said  estates,  and  may  be  collected  in  the 
same  manner  as  taxes  upon  real  estate  or  by  an  action  of  contract 
ill  the  name  of  the  city.  Said  lien  shall  continue  for  two  years  after 
said  rates  or  sums  to  be  i)aid  in  lieu  thereof  have  been  committed 
to  the  collector  for  collection,  and  when  said  sums  are  to  be  paid  in 
instalments  shall  continue  for  two  years  after  the  last  instalment 
has  been  conmiitted  to  the  collector  for  collection. 

Section  4.  llie  receii)ts  from  said  annual  rates  and  payments 
made  in  lieu  thereof,  after  deducting  expenses,  shall  be  applied  first 
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to  tlic  payment  of  the  interest  upon  the  scrip  or  bonds  issued  uufler 
the  authority  of  this  act  not  otherwise  provided  for;  and  tlie  bal- 
ance shah  l)e  set  a|)art  to  meet  the  re(iuirements  of  tlie  sinking"  fund 
for  the  payment  and  redem])tion  of  said  scrip  or  bonds,  as 
provided  by  Section  9.  of  Chapter  29.  of  the  I'ul^hc  Statutes.  ]f 
said  receipts  shall  be  insufficient  to  i)ay  the  interest  on  said  scrip 
or  bonds  and  to  meet  the  requirements  of  the  sinking  fund,  as  pro- 
A'ided  by  said  Section  9,  the  deficiency  shall  be  raised  annually  by 
taxation. 

If  in  any  year  there  shall  be  an  excess  of  the  sum  necessary  to 
pay  said  interest  and  to  meet  the  requirements  of  the  sinking  fund 
for  said  year,  the  surplus  may  be  applied  toward  the  payment  of 
the  sums  which  the  city  is  required  to  pay  by  the  j^rovisions  of 
Chapter  439  of  the  Acts  of  the  year  1889.  Said  sinking  fund  shall 
remain  sacred  and  inviolate  and  pledged  to  the  payment  and  re- 
demption of  said  scrip  or  bonds,  and  shall  be  used  for  no  other 
purpose.  The  provisions  of  Sections  10  and  11  of  said  Chapter  29 
of  the  Public  Statutes  shall,  so  far  as  applicable,  appl}'  to  said  sink- 
ing fund. 

Chapter  443.     1895. 

Section  9,  of  Chapter  245,  Acts  of  1892,  shall  not  be  ol)ligatory 
upon  the  City  of  Maiden. 

When  the  Commissioners  were  ready  to  fornuiiate  their  plaris 
for  assessments,  I  sent  them  the  following  comnumication : — 

"Feeling  that  you  will  shortly  be  called  upon  to  consider  the 
question  of  sewer  assessments,  I  beg  leave  to  submit  a  few  sugges- 
tions. 

"It  appears  that  there  are  quite  a  variety  of  methods  of  appor- 
tioning the  cost  of  sewer  construction,  enjoyed  by  the  various  cities 
and  towns,  as  will  be  seen  by  the  list  of  questions  and  answers 
which  accompanies  this  communication.  The  front  foot,  and  the 
area  with  a  limiting  distance  from  the  street  are  the  most  common ; 
either  of  these  methods,  separately,  presents  an  injustice  to  the 
abutter.  With  the  front  foot,  the  man  with  a  lot  of  200  feet  front- 
age and  60  feet  deep,  pays  twice  as  much  as  the  man  with  a  lot  of 
100  feet  frontage  and  200  feet  deep;  yet  in  the  first  case  there  is  not 
necessarily  twice  the  benefit;  with  the  area  plan  the  injustice  is  the 
same  only  it  works  against  the  other  man,  the  man  with  the  200 
feet  frontage  pays  less  than  the  man  with  the  100  feet  frontage. 

"A  combination  of  the  two  methods  has  been  adopted  by  sev- 
eral cities  as  being  the  most  equitable  way  of  treating  this  problem, 
the  proportions  being  4-10  by  frontage  and  6-10  by  area,  with  an 
allowance  for  corner  lots:  this,  of  course,  is  ])iu-ely  arbitrary  and 
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not  strictly  scientific,  but  to  devise  a  method  which  shall  meet  and 
answer  every  objection  is  practically  impossible,  and  I  should  call 
that  the  best  method  which  embodied  the  principle  of  fair  play,  and 
simplicity  in  application,  in  the  highest  degree. 

"The  usual  allowance  for  corner  lots  is,  of  course,  an  arbitrary 
one;  it  is  a  justifiable  attempt  to  avoid  the  appearance  of  double 
assessment.  In  Newton  60  feet  on  the  side  street  is  not  assessed 
by  frontage;  the  limiting  distance  from  the  street  for  area  in  New- 
ton is  180  feet;  in  other  cities  from  100  to  150  feet.  It  is  impossible 
to  avoid  all  appearance  of  unfairness  in  the  treatment  of  corner 
lots  unless  you  make  a  greater  concession  than  the  average  use  of 
such  lots  would  justify. 

"I  think  for  Maiden  the  limiting  distance  from  the  street  for 
the  area  assessment  should  be  100  feet,  and  the  allowance  on  cor- 
ner lots  be  the  same  as  in  Newton;  if  we  make  the  limiting  dis- 
tance, say  150  feet,  then  the  owner  of  a  100-foot  lot  secures  the 
benefit  of  a  smaller  rate  per  square  foot  than  it  seems  to  me  he  is 
entitled  to;  with  the  limiting  distance  100  feet  you  may  say  that  the 
owner  of  an  occasional  deep  lot  pays  no  more  than  the  owmer  of  the 
lOO-foot  lot,  and  yet  he  enjoys  a  prospective  use  of  the  sewer 
greater  than  his  neighbor  with  the  loo-foot  lot. 

"The  judicious  subdivision  of  land  in  Maiden  will  make  the 
distance  between  streets  about  200  feet,  and  the  occasional  deep 
lot  will  ])robably  be  owaied  by  the  individual  whose  income  makes 
possible  the  unrestricted  enjoyment  of  his  back  land  as  a  garden. 
Back  land  will  in  very  few  cases  be  benefited  by  a  separate  system 
of  sewerage  unless  it  be  developed,  this  in  most  cases  will  necessi- 
tate a  lateral  sewer  with  its  accompanying  assessment,  so  the  city 
will  certainly  lose  nothing  by  making  the  limiting"  distance  100  feet, 
and  the  owner  of  the  deep  lot  will  be  simply  paying,  like  his  neigh- 
bor with  the  shallow'  lot  for  the  benefit  enjoyed,  namely,  house 
drainage. 

"The  question  of  rental  or  annual  rate  for  the  use  of  sewer 
will  probably  be  considered  by  your  Board.  It  seems  to  me  that 
if  this  method  is  considered  less  of  a  hardship  to  the  tax-payer,  the 
same  reasoning  will  apply  to  tlie  apportioning  of  the  assessment 
into  ten  annual  payments.  (Chapter  320,  Acts  of  1893.)  The 
sewer  tax  will  undoubtedly  be  a  Ijurden  to  the  poor  man  if  made  in 
one  payment,  but,  generally  s])caking,  his  assessment  will  l)e  rela- 
tively small,  and,  if  made  in  ten  annual  payments,  would  hardly 
be  called  a  hardship.  It  would  be  a  fair  statement  to  say  that 
under  the  sej')arate  system  of  sewerage  adopted  in  Maiden  the 
question  of  apjiortionment  of  cost  between  the  city  and  the  owners 
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of  land  benefited  by  the  sewers  does  not  arise,  as  the  city,  in  its 
corporate  capacity,  receives  no  benefit  from  a  system  which  pro- 
vides for  house  drainage  onl}' ,  so  the  entire  cost  might  be  justly 
assessed  upon  the  land;  but  Section  9  of  Chapter  245,  of  the  Acts 
of  1892,  says,  'that  the  city  shall  pay  not  less  than  one-fourth  nor 
more  than  two-thirds  of  the  estimated  cost  of  construction.' 

"I  have  copied  several  of  the  statutes  for  your  use,  printing  in 
capitals  the  sections  most  afl^ecting  this  question.  The  estimated 
cost  of  the  sew-ers  in  Maiden  is  $1.93  per  linear  foot.  Estimating 
the  total  length  of  system  to  be  419,590  feet,  and  the  total  length 
which  can  be  assessed  to  be  315,490  feet,  then  we  have  419,- 
59oX$i-93=$8o9,8o8.7o;  divided  as  I  have  suggested,  four-tenths 
by  frontage  and  six-tenths  by  area,  we  have  $809,808.70X0.40= 
$323,923.48-^3 1 5,490=$!. 02,  and  $8o9,8o8.7oXo.6o=$485,885.22 
-^55,962,000  square  feet  :=$o.oo87.  $1.02  is  the  portion  which 
can  be  assessed  per  linear  foot  of  street;  then  one  side  of  the  street 
will  be  $0.51,  and  the  area  at  $0.0087  per  square  foot  for  100  feet 
deep  will  be  $0.87;  total  equals  $1.38  per  linear  foot,  if  we  assess 
the  whole  cost;  if  we  assess  approximately  one  half  the  cost,  say 
26  cents  per  front  foot  and  one  half-cent  per  square  foot,  it  will 
equal  $0.76  per  foot  assessment." 

After  what  I  am  constrained  to  believe  was  an  industrious 
handling  of  the  subject,  and  governed  in  part  by  the  legal  advice 
of  the  framer  of  the  above  act,  the  following  charges  for  sewerage 
benefits  were  fixed: — 

For  unoccupied  land,  $3.00  for  each  50-foot  frontage,  or  six 
(6)  cents  per  front  foot.  For  single  dwellings,  $5.00  where  the 
water  rates  do  not  exceed  $10.00  per  annum  and  twenty  (20)  per 
cent,  of  the  water  rates  charged  in  excess  of  that  sum,  provided 
that  the  maximum  rate  for  single  dwellings  shall  be  $15.00. 
Dwellings  not  using  city  water  to  be  assessed  rates  to  be  deter- 
mined by  the  Board. 

And,  in  accordance  with  the  requirements  of  said  act,  the 
Board  of  Street  Commissioners  have  fixed  the  sums  which  owners 
of  estates  may  pay  in  lieu  of  said  annual  rates  at  $1.00  per  linear 
foot  of  frontage  which  assessment  will  cover,  not  exceeding  one 
hundred  (100)  feet  in  depth;  corner  lots  having  a  depth  of  more 
than  100  feet  to  be  assessed  at  same  rate  for  all  frontage  on  second 
street  in  excess  of  said  100  feet.  Land  not  assessed  under  the 
above  provisions  will  be  subject  to  future  assessments. 

The  following  notice  was  then  sent  to  each  and  every  person 
owning  property  on  streets  wherein  sewers  had  been  con- 
structed:— 
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Malden,  September  i5tli.  1896. 
You  are  hereby  notified  that  the  Annual  Sewer  Rate  for  the  year  1896 

of  $ has  been  eslal^Hshed  and  assessed  on  your  estate  No. 

Street,  and  the  same  is  now  payable 

to  the  Collector  of  Taxes,  City  Hall. 

By  order  of  the  Board, 

C.ENER.M.    l.\'I-ORM.\TION. 

Owners  of  Estates  on  Streets  where  the  Common  Sewer  has  been  con- 
structed, must  pay  either  an  annual  rate  or  a  fixed  assessment.  Failure  to 
connect  will  not  relieve  from  payment. 

Annual  rates  as  established  by  this  Board  are  now  payable  at  the  offtce 
of  City  Collector. 

Owners  of  estates  desirini.i'  to  pay  a  fixed  sum  in  lieu  of  Annual  Rates 
must  return  their  annual  rate  l)ills  to  this  otllce  at  once. 

If  it  is  desired  that  the  fixed  sum  or  assessment  be  apportioned,  the 
Board  of  Assessors  must  be  notified  in  writing  within  thirty  days  from 
above  date. 

Interest  will  be  added  to  Rate  or  Assessment  bills  remaining  unpaid 
October  15th. 

The  effect  of  this  notice  was  curious.  The  department  was 
overrun  with  people  asking  questions  which  were  fully  answered 
in  tlie  notice.  Some  people  paid  the  annual  rate  under  the  im- 
pression that  this  payment  settled  the  whole  business;  quite  a 
number  were  of  the  opinion  that  they  had  paid  all  the  city  could 
reasonaljly  expect  when  the  house  connection  was  made. 

Payments  have  been  made  approximately  as  follows:  919  have 
paid  the  annual  rate;  some  of  these  have  since  paid  the  whole 
assessment,  preferring  to  lose  the  amount  of  the  annual  rate  al- 
ready ])aid  and  close  up  the  account;  others  have  signified  their 
intention  of  paying  the  whole  assessment  before  the  second  rate 
is  due;  576  have  paid  the  whole  assessment,  and  1,640  have  had 
the  assessment  apportioned.  This  result  would  seem  to  indicate 
that  where  it  is  oi)tional  with  the  property  owner  the  assessment 
w^ill  be  paid  instead  of  the  rate.  The  average  annual  rate  in 
Maiden  is  about  $7.00;  the  average  lot  is  about  50  feet  front;  the 
owner  finds  that  in  ten  years  the  amount  paid  in  annual  rates  will 
amoimt  to  about  $70.00. 

To  be  sure,  he  revels  in  the  luxury  of  a  hired  sewer,  but  he 
must  continue  to  pay  his  rent,  and  there  are  no  legal  difificulties 
in  the  way  to  prevent  his  landlord  from  raising  the  rent.  The 
owner  also  discovers  that  by  paying  the  assessment  in  lieu  of  the 
rate  and  having  it  a])portioned  in  ten  annual  payments,  with  inter- 
est at  5  per  cent.,  at  the  end  of  ten  years  he  will  have  p'd'ul  about 
$70.00;  but  in  the  latter  case  he  has  paid  for  his  sewer  in  full,  and 
feels  that  he  owns  it.     It  would  certainlv  seem  reasonable,  under 
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the  present  condition  of  things,  to  predict  that  about  90  per  cent, 
of  the  people  will  pay  the  assessment  instead  of  the  rate;  the  other 
10  per  cent,  will  be  the  owners  of  large  estates,  where  the  rate 
capitalized  will  be  much  smaller  than  the  front  foot  assessment; 
but  if  the  Conmiissioners,  during  the  coming  year,  make  a  rule, 
which  I  think  is  cjuite  probable,  limiting  the  frontage  which  the 
rate  is  to  cover,  then  it  is  quite  possible  that  every  one  will  pay 
the  assessment,  and  the  rate  system  will  simply  become  a  pleasant 
or  an  unpleasant  memory.  I  am  under  the  impression  that  the 
rate  system  alone,  or  as  applied  in  the  city  of  Brockton,  would  not 
have  been  pleasantly  received  by  the  people  of  Maiden. 

So  many  cities  and  towns  in  our  immediate  vicinity  have  made 
the  single  assessment,  though  it  may  not  be  as  logical  or  equitable, 
it  carries  with  it  the  simple  fact  that  the  agony  is  over  with  the  one 
payment,  or,  if  apportioned,  the  end  can  be  seen. 

This,  I  think,  would  create  the  desire  with  our  people  to  be 
treated  in  a  similar  manner. 


SEWER  ASSESSMENTS  IN  MARLBORO,  MASS. 


By  James  F.  Bigelow,  City  Engineer. 


I  WAS  very  much  interested  in  the  paper  presented  by  Mr. 
Snow  on  the  subject  of  sewer  rentals,  not  only  for  the  careful 
manner  in  which  he  presents  his  subject,  but  because  it  recalls  very 
forcibly  to  my  mind  the  experience  of  my  own  city  a  short  time 
ago  in  dealing  with  this  same  problem. 

Just  at  the  present  time,  when  so  many  towns  and  cities 
throughout  the  country  are  considering  the  matter  of  sewers  and 
sewage  disposal,  this  subject  of  assessments,  it  seems  to  me,  cannot 
be  other  than  one  of  very  great  interest,  and  one  that  should  re- 
ceive very  careful  consideration. 

We  all  know  that  when  the  conditions  of  a  city  or  town  are 
such  that  some  system  of  public  sewers  becomes  necessary  for  the 
health  and  comfort  of  the  people  it  is  a  very  easy  matter  to  get  the 
necessary  legislative  rights  to  construct  such  a  system  of  sewers 
and  to  issue  the  proper  notes  or  bonds  (as  is  generally  the  case)  to 
meet  the  cost  of  its  construction.  But  the  paying  of  the  notes  or 
bonds  by  the  estates  receiving  benefit  from  the  sewer  is  another 
thing.  The  people  are  always  ready  and  willing  to  pay  their  just 
proportion  of  any  necessary  public  improvement;  still,  they  want 
to  feel  that  thev  are  receiving  their  monev's  worth.     On  that  ])oint 
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alone,  in  my  opinion,  is  where  the  whole  trouble  of  sew^er  assess- 
ments lies. 

The  laws  of  this  State,  prior  to  the  year  1892,  as  Mr.  Snow 
has  said,  provided  various  ways  by  which  estates  receiving  benefit 
from  a  particular  sewer  or  system  of  sewers  might  be  assessed  for 
such  benefit,  lie  also  points  out  the  different  assessments  allow- 
able under  the  law  and  the  difficulty  in  deciding  upon  a  system  of 
assessing,  on  account  of  the  great  diversity  in  shape  and  positions 
of  different  estates,  that  would  distribute  the  tax  justly  and  accord- 
ing to  the  benefit  derived. 

The  city  of  Marlboro,  after  considering  the  various  methods 
of  sewer  assessments,  and  finding  substantially  the  same  difficulty 
with  them  in  making  a  just  and  equitable  assessment,  as  cited  by 
Mr.  Snow,  finally  decided  upon  a  form  of  rental  similar  in  some 
respects  to  the  Brockton  plan.  This  rental  is  based  upon  the 
amount  of  water  delivered  into  the  sewer  from  each  estate,  and  is 
substantially  as  follows: — 

For  all  estates  taking  water  by  metered  service,  other  than  manufactur- 
ing establishments,  at  the  rate  of  seven  and  one-half  cents  (ten  cents  a 
thousand  gallons)  for  each  one  hundred  cubic  feet  of  w^ater  delivered  to 
such  estate  during  the  current  year.  Provided,  however,  that  when  the 
quantity  of  water  so  delivered  shall  be  less  than  fifty-three  hundred  and 
thirty  cubic  feet  (40,000  gallons),  the  charge  shall  be  four  dollars  for  such 
year;  and  provided,  further,  that  estates  taking  water  by  unmetered  service 
shall  pay  six  dollars  for  the  current  year;  and  provided,  further,  that  when 
a  sill  cock  is  used  on  estates  taking  water  by  metered  service  a  discount  of 
fifteen  per  cent,  shall  be  allowed,  except  that  in  no  case  shall  said  discount 
be  allowed  to  reduce  the  yearly  charge  for  such  estate  below  the  minimum 
price  of  four  dollars. 

For  manufacturing  establishments,  seven  and  one-half  cents  for  each 
one  hundred  cubic  feet  of  water  delivered  to  such  establishments  during  the 
current  year,  less  a  discount  of  sixty-five  per  cent,  except  that  in  no  case 
shall  said  discount  be  allowed  to  reduce  the  yearly  charge  for  such  estab- 
lishment below  the  minimum  price  of  four  dollars. 

Ordered,  That  all  said  rental  charges  shall  be  due  and  payable  semi- 
annually on  the  first  Monday  of  January  and  July,  and  if  any  such  charges 
remain  unpaid  for  sixty  days  after  becoming  due,  the  Collector  of  Taxes 
shall  proceed  to  collect  the  same  according  to  law. 

The  above  schedule  of  rates  is  based  on  the  assumption  that 
all  the  buildings  on  the  line  of  the  sewer  are  to  be  connected.  At 
the  present  time  there  are  about  1,700  buildings,  of  which  about 
three-quarters  are  now  connected.  The  sum  collected  each  year 
from  such  rates  amounts  to  about  $9,000,  and  is  enough  to  pay 
one-half  the  sinking  fund  for  the  sewer  bonds,  one-half  the  annual 
expense  of  interest,  and  the  cost  of  maintenance  of  the  system. 
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The  other  one-half  of  the  interest,  sinking  fund,  and  maintenance 
is  made  up  from  the  general  tax  levy.  Under  the  above  plan 
three  semi-annual  rentals  have  been  collected,  and  the  plan  thus 
far  has  given  very  general  satisfaction. 

Situated  as  this  city  is,  I  see  no  reason  why  it  will  not  con- 
tinue to  work  all  right.  The  cjuestion  might  be  raised  that  to 
assess  one-half  the  yearly  cost  by  general  taxation  was  too  much, 
and  in  some  cases  it  might  prove  so.  I  think,  however,  it  depends 
entirely  on  circumstances,  such  as  the  cost  of  the  entire  system, 
the  amount  of  the  benciit  to  be  derived,  and  the  proportion  of  the 
general  tax  represented  by  the  district  assessable  for  the  sewer 
system,  compared  with  that  outside  of  it.  These  are  points  that 
must  be  decided  entirely  by  local  circumstances. 

While  we  do  not  claim  that  our  system  is  by  any  means  per- 
fect, we  consider  it  the  best,  all  things  considered,  that  has  yet  been 
brought  to  our  notice. 


SEWER  ASSESSMENTS  TN  PAVVTl  (KET,  K.  I. 


;  By  George  A.  Carpenter,  City  Engineer. 

I  HAVE  been  very  nmch  interested  in  the  paper  prepared  by 
Mr.  Snow,  and  I  agree  with  him  when  he  says  that  "Up  to  the 
present  time  sewer  assessments  generally  have  not  been  made  pro- 
portionate to  benefits  received." 

His  plan  of  meeting  a  portion  of  the  cost  of  construction  and 
maintenance  by  an  annual  rental  based  upon  the  consumption  of 
water  seems  to  be  a  just  and  proper  way  of  making  those  to  whom 
the  system  is  of  the  most  benefit  pay  a  larger  proportion  of  the 
expense,  but  how  will  it  work  in  practice? 

Will  it  be  any  hindrance  to  a  more  general  use  of  the  sewers 
after  they  are  constructed? 

We  all  know  how  dilatory  people  are  in  making  connections 
with  the  sewers,  and,  if  a  system  of  annual  rental  should  tend  to 
decrease  the  number  who  would  otherwise  avail  themselves  of  this 
privilege,  I  believe  that  it  would  be  better  that  a  larger  proportion 
of  the  cost  should  be  met  by  a  general  tax,  even  though  such  a 
system  be  not  ideal. 

The  result,  in  this  particular,  in  Brockton,  will  be  watched 
with  interest. 

In  1895  I  was  interested  in  ascertaining  how  generally  the 
sewers  in  the  city  of  Pawtucket,  R.  L,  were  being  used,  and  foimd 
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that  in  a  district  covered  by  seven  miles  of  sewers  but  54  per  cent. 
of  the  buildings  that  could  be  drained  had  been  connected  with 
the  sewers. 

The  following  figures,  which  show  the  working  of  the  more 
general  law  of  assessment  based  upon  frontage  and  area,  may  be 
of  interest  at  this  time: — 

In  1878  the  Town  Council  of  Pawtucket  was  directed  by 
statute  to  assess  abutting  property  at  the  rate  of  50  cents  per  front 
foot,  and  i  cent  for  each  square  foot  of  abutting  estates  lying  be- 
tween the  street  and  a  line  not  exceeding  150  feet  distant  from  and 
parallel  with  such  street,  and  property  was  assessed  in  this  manner 
for  the  first  two  sew'ers  built. 

Six  years  later  this  law  was  amended  so  as  to  read,  "At  a  rate 
noi  exceeding  50  cents  for  each  front  foot  *  *  -^  and  }iot  ex- 
ceeding I  cent  for  each  scjuare  foot  of  such  estates  between  such 
street  and  a  line  not  exceeding  150  feet  distant  from  and  parallel 
with  the  line  of  such  street." 

Availing  themselves  of  this  privilege,  the  Council,  from  1884 
to  June  30,  1886,  assessed  property  at  a  rate  of  50  cents  per  front 
foot,  and  one  half-cent  per  scjuare  foot  of  area  100  feet  in  depth. 

During  these  two  years  4.71  miles  of  sewers  were  constructed 
and  assessments  amounting,  in  round  numbers,  to  $43,000  were 
levied.  This  makes  the  average  assessment  rate  $1.73  per  foot  of 
sewer  Iniilt,  and  I  regret  that  I  have  not  the  figures  showing  the 
average  cost  per  foot  of  the  sewers  for  this  period. 

On  June  30,  1886,  the  assessment  was  changed  to  25  cents  per 
front  fool  and  one  half-cent  per  scpiare  foot  of  area  100  feet  in 
depth,  under  which  s\  stem  assessments  are  still  levied. 

Rebates  were  made  upon  the  $43,000  already  assessed,  which 
reduced  the  amount  collected  to  $31,500,  or  $1.26  per  foot  of  sewer 
constructed. 

Since  1886,  25.02  miles  of  sewers,  ranging  in  size  from  8"  in 
open  cutting  to  87"  in  tunnel,  have  been  built  at  a  cost  of  $518,- 
267.00,  and  assessments  amounting  to  $152,338.48  have  been 
levied.  This  is  an  average  assessment  of  $1.15  per  foot  of  sewer, 
and  has  paid  but  29.39  P<^'"  cent,  of  the  cost  of  construction,  the 
remaining  70.61  per  cent.,  together  with  the  cost  of  maintenance 
and  the  interest  on  the  sewer  bonds,  being  met  by  the  general  tax. 

The  reason  for  the  reduction  in  the  amount  of  the  assessment 
was,  I  am  informed,  l)ecause  it  was  found,  wlien  some  of  the 
smaller  pipe  sewers  were  constructed,  that  the  assessment  more 
than  equaled  the  cost  of  the  sewer,  and  so,  without  considering 
the  ultimate  cost  of  the  completed  system,  the  rate  was  at  once 
redr.ced. 
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Upon  4.68  miles  of  sewers  constructed  in  1894  and  2.84  miles 
in  1896  the  assessments  were  35.39  per  cent,  and  35.92  per  cent, 
of  the  cost,  while  upon  3.53  miles  built  in  1895,  some  ui  which  were 
large  and  expensive,  the  assessment  was  but  16  per  cent,  of  the 
cost. 

From  experience  in  a  cit\  where  the  cost  of  every  improve- 
ment excepting-  that  of  sewers  is  met  by  the  general  tax,  and  where 
the  demands  of  the  citizens  for  these  improvements  rapidly  mul- 
tiply as  the  city  increases  in  size,  resulting  in  a  large  debt  and  in  an 
increasing  tax  rate,  I  am  more  and  more  drawn  to  the  opinion  that 
a  larger  proportion  of  the  cost  of  not  only  sewer  construction  and 
maintenance,  but  other  public  improvements  as  well,  should  be 
met  by  assessment  upon  property  which  is  especially  benefited. 

This  would  result  not  only  in  a  decreasing  cost  to  the  city  for 
improvements  made,  but  would,  I  think,  decrease  the  demand  for 
such  improvements,  which  are  so  numerous  when  some  one  else 
pays  the  larger  part  of  the  bill. 

The  question  of  what  proportion  of  the  cost  should  be  as- 
sessed upon  property  especially  benefited,  and  in  what  manner 
such  assessments  should  be  made,  is  one  which  engineers  may  well 
study  and  discuss. 


SEWER  ASSESSMENTS  IN  FALL  RIVEK,  MASS. 

By  Philip  D.  Borden,  Citv  Enc.ineer. 


The  city  of  Fall  River  has  never  made  assessments  for  use  of 
sewers. 

The  question  has  often  been  considered,  and  several  reports 
made  thereon,  but  no  action  has  ever  been  taken  by  the  City  Coun- 
cil, although  the  ordinance  says:  "The  Mayor  and  Aldermen,  with 
the  concurrent  vote  of  the  Common  Council,  shall,  whenever  any 
main  drain  or  common  sewer  shall  have  been  constructed,  forth- 
with fix  upon  a  reasonable  sum  of  money  which  every  person  en- 
tering a  private  drain  into  such  main  drain  or  common  sewer  shall 
pay  to  the  city  for  such  privilege.  The  ])ermits  granted  by  the 
City  Engineer,  as  heretofore  provided,  shall  be  upon  condition  of 
payment  of  said  sum." 

Every  person  receiving  a  permit  to  make  sewer  connection 
signs,  in  the  City  Engineer's  office,  an  agreement  reading  as  fol- 
lows: 'Tn  consideration  of  this  permission.  I  fiu-ther  agree  to  pay 
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into  the  City  Treasury,  on  demand,  such  sum  or  sums  of  money 
as  the  City  Council  may  assess  for  the  same." 

January  i,  1896,  3,396  private  drains  had  been  connected  with 
pubHc  sewers.  The  number  to  January  i,  1897,  will  be  about 
3,800.  The  large  increase  during  the  year  is  accounted  for  by  the 
fact  that  the  Board  of  Health,  acting  under  the  provisions  of 
Chapter  132,  Section  i,  of  the  Public  Statutes  of  1890,  have  issued 
orders  to  all  parties  owning  premises,  on  a  street  through  which  a 
sewer  has  been  laid,  to  make  connection  with  said  sewer  imme- 
diately. 

Their  reading  of  the  act  does  not  confine  them  to  premises  on 
which  a  nuisance  exists,  but  applies  to  every  estate  abutting  on  a 
seiuered  street. 

Our  City  Solicitor  has  given  an  opinion  that  the  agreement  to 
pay  the  sum  assessed  for  the  privilege  of  entering  a  sewer  is  bind- 
ing only  for  six  years.  This  raises  one  complication  in  the  matter. 
Another  comes  from  the  fact  that  the  Mayor  and  Aldermen  have 
not  complied  with  the  ordinance,  which  says  they  shall  forthiuith 
fix  upon  the  sum  to  be  paid,  etc. 

Another  point  is  raised  by  parties  who  have  paid  taxes,  a 
portion  of  which  were  used  to  construct  sewers  more  than  six 
years  since,  that  it  would  be  unjust,  and  therefore  illegal,  to  assess 
them  for  entering  a  sewer  simply  because  it  was  built  within  six 
years,  and  exempt  the  person  on  an  adjoining  street  who  had  the 
influence  necessary  to  have  a  sewer  built  in  front  of  his  premises 
ten  years  ago. 

One  member  of  the  legal  profession,  now  sitting  on  the  Bench, 
claimed  that  he  could  not  be  compelled  to  pay  an  assessment  for 
sewer  privileges  enjoyed  in  the  house  purchased  by  him,  as  he  had 
already  paid  it,  having  figured  the  house  at  an  increased  valuation 
after  finding  it  had  sewer  connections,  and  he  accordingly  paid 
more  than  he  would  without  such  connection,  and  figures  the 
difference  between  such  sums  as  his  "sewer  assessment."  The 
property  was  bought  at  a  bankrupt  sale,  which  gives  him  no 
chance  to  recover  from  the  seller. 

Another  claim  is  made  that  the  assessors  of  taxes  do  or  should 
figure  an  added  value  to  real  estate  having  drainage  facilities, 
thereby  increasing  the  amount  of  their  tax  and  removing  the 
much-talked-of  injustice  of  building  sewers  from  the  general  tax 
levy. 

The  question  will  probably  be  taken  up  early  in  the  coming 
year,  and  it  is  hoped  some  plan  will  be  adopted.  The  plan  most 
approved  is  that  of  making  an  annual  charge.     As  the  amount  of 
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sewage  to  be  carried  out  depends  largely  upon  the  amount  of  water 
taken  in,  it  has  been  proposed  to  make  a  price  for  sewering  the 
property  depend  upon  the  water  bills.  Just  how  to  connect  the 
two  has  not  been  decided,  as  the  amount  of  water  used  by  different 
families  varies  greatly. 

Much  of  the  property  in  this  city  is  owned  by  parties  who 
never  have  any  large  sums  of  money  available,  and  the  plan  of 
making  an  assessment  of  $100  in  full  for  the  privilege  of  using  a 
sewer  would  be  strongly  opposed  by  many  who  would  willingly 
accept  the  annual  charge  of  $7.50  or  $10. 

Another  cause  of  complaint,  but  one  for  which  the  city  is  in 
no  way  responsible,  is  the  fact  that  the  cost  of  carrying  a  drain 
from  the  sewer  to  the  line  of  street  will  vary  from  perhaps  $150  in 
solid  ledge  to  $20  in  gravel.  The  only  way  to  equalize  this  would 
be  for  the  city  to  carry  the  sewer  to  the  property  line,  making  the 
charge  for  this  work  the  same  in  everv  case. 
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PROFKSSIOXAL  SPIRIT. 


By  Donald  W.  Campbell,  Member  of  the  Denver  Society  of  Civil 
Engineers. — Presidential  Address. 


[Read  before  the  Society,  January  12,  1897.*] 

As  your  P^resident  is  expected  to  make,  during  his  term  of 
ofifice,  at  least  one  address  to  the  society,  on  a  subject  pertinent  to 
the  well-being  of  our  profession,  the  title  of  "Professional  Spirit" 
is  selected  for  the  address  I  now  make  before  closing  my  term, 
hoping  to  stimulate  that  spirit  by  bringing  to  your  notice  the  high 
standards  set  up  by  those  societies  which,  in  former  times,  claimed 
to  be  the  only  "professions." 

In  early  times  the  recognized  professions  were  three  only — 
Divinity,  Law,  and  Arms.  In  the  eighteenth  century  Medicine 
was  generally  recognized  as  a  learned  or  liberal  profession,  but 
recognition  was  secured  only  after  a  long  struggle,  traces  of  which 
still  exist,  where  Arms  and  Medicine  come  in  contact.-  During 
the  present  century  Engineering,  or  the  application  of  science  to 
construction,  has  asserted  its  right  to  be  regarded  as  a  learned 
sister,  and  has  not  escaped  the  opposition  of  its  elders.  We,  how- 
ever, claim  that  learning  and  skill  in  the  sciences  which  form  the 
basis  of  construction,  and  the  practical  application  of  these  sciences 
in  "subduing  the  materials  and  forces  of  nature  to  the  service  of 
man,"  is  an  occupation  entitled  to  and  worthy  of  professional 
status. 

Defining  science  as  being  observation  of  the  processes  of 
nature,  orderly  and  systematic  record  of  observed  facts  and  se- 
quences, and  deduction  of  principles  from  the  facts  and  sequences 
so  recorded,  a  profession  is  usually  considered  to  be  an  occupation 
which  requires  a  liberal  and  broad  education,  and  special  learning 
and  training  in  the  sciences  recjuired,  and  the  "profession"  made 
by  its  members  to  be  a  profession  of  that  skill  and  training.  I  will 
endeavor  to  demonstrate  that  the  profession  made,  whilst  em- 
bracing skill  in  the  basing  sciences  and  the  practical  application  of 
them  to  the  affairs  of  men,  includes  another  important  declaration, 
viz:  a  profession  of  obedience  to  the  highest  moral  code  of  the 
coimtry  and  age  in  all  business  dealings. 

The  origin  of  the  professional  idea  in  Europe,  and  its  develop- 
ment in  England,  whence  we  derive  it,  will  be  briefly  outlined,  and, 
as  the  Church  claims  the  leading  place,  this  will  be  considered  first. 

*Manuscript  received  February  8.  1897. — Secretary,  Ass'n  of  Eng.  Sees. 
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Tliat  churchmen  were  the  conservators  of  learning,  from  the 
fall  of  the  Roman  Empire  until  the  revival  of  learning  in  the  fif- 
teenth and  sixteenth  centuries,  will  Ijc  generallv  conceded,  and 
the  profession  made  by  the  clergy  is  all  that  interests  us  in  this 
connection.  In  this  profession,  besides  that  of  .faith,  etc.,  there 
is  a  promise  to  obey  the  moral  precepts  of  Christianity  and  the 
canons  of  the  Church,  and  obedience  to  these  obligations  is,  at 
least  in  theory,  necessary  to  the  continuance  in  the  priestly  office, 
and  this  is  true  of  all  modern  branches  of  the  Church. 

The  profession  next  in  rank  is  Law,  and  it  is  to  the  prece- 
dents of  this  profession  that  we  must  look  for  guidance  in  most 
matters  of  etiquette  and  for  the  development  of  professional  ideas. 
In  the  Republic  of  Rome,  the  Juris  Consulti,  or  men  learned  in  the 
law,  were  eminent  citizens  of  patrician  birth,  ex-magistrates  and 
of^cers  of  State,  who,  in  old  age,  actuated  by  public  spirit  or  a 
desire  for  honorable  employment,  advised  the  clients,  or  "hearers," 
but  the  relations  between  the  litigants  and  the  lawyer  were  the  re- 
verse of  the  modern  relations.  The  man  learned  in  the  laws  and 
customs  of  the  Republic  was  the  "patron,"  and  the  client,  or 
"hearer,"  was  a  dependent  foreigner  or  humble  citizen,  who  asked 
advice  and  guidance  as  a  favor.  The  practice  of  giving  opinions 
as  to  the  laws  and  methods  of  obtaining  justice  was  soon  regarded 
as  an  honorable  and  praiseworthy  way  of  spending  the  evening,  of 
life,  and  no  com]K'nsation  was  given  for  the  service  rendered;  in- 
deed, a  tender  of  money  would  have  been  deemed  an  insult,  and 
the  service  was  given  from  love  of  the  work,  and  was  accepted 
with  gratitude.  After  the  establishment  of  the  Empire,  Augustus, 
when  remodeling  the  forms  of  government,  felt  constrained  to 
recognize  the  juris  Consulti,  and  brought  them  within  his  scheme 
of  government  by  making  appointment  to  their  ranks  a  preroga- 
tive of  the  Emperor,  thus  virtually  licensing  and  controlling  the 
profession.  Long  before  this  was  done,  the  taking  of  fees  was  a 
common  practice,  but  this  was  never  done  openly  or  after  service 
had  been  given,  but  was  given  in  advance,  to  secure  the  services 
of  selected  men,  and  the  fee  was  considered  an  "honorarium"  or 
gift,  and  no  contract  of  any  kind  could  accompany  the  tender. 

It  may  be  considered  that  the  development  of  fee-giving  was 
a  necessary  consequence  of  the  primary  conditions  of  life.  All 
men  must  eat,  drink,  and  be  protected  from  the  weather,  and  even 
ascetics  require  something.  Diogenes  had  a  tub,  which  he  either 
earned,  received  as  a  gift,  or  stole.  The  method  of  development 
of  legal  fees  has  been  a  lienefit  to  all  sellers  of  mental  labor  who 
have  lived  since,  as  it  constantlv  indicates  the  fact  that  there  can  be 
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no  tangible  material  delivered  in  return  for  the  money  paid,  but 
that  the  whole  transaction  is  one  dependent  on  the  honor  of  the 
fee-taker. 

The  Church  was  the  means  of  conveying  the  ideas  of  the 
Roman  lawyers  to  all  parts  of  Europe,  and  the  early  lawyers  of 
England  were  priests,  the  law  schools  being  the  monasteries  and 
priories.  Subsequent  to  the  Norman  conquest  there  was  a  con- 
flict between  the  native  and  the  foreign  priests  as  to  whether  the 
Roman  or  common  law  should  prevail.  It  was  eventually  de- 
cided in  favor  of  the  native,  or  common,  law,  and  in  the  reign  of 
I-Ienry  III  laymen  were  admitted  to  practice  in  the  King's  Courts, 
and  subsequently  priests  were  forbidden  to  practice,  but  this  law 
was  not  rigidly  enforced,  as  the  Chancellor  was  always  a  cleric, 
until  Sir  Thomas  More  was  made  the  first  Lay  Chancellor  by 
Henry  VIII. 

It  is  probable  that  the  early  clerical  practitioners  often  gave 
their  services  to  their  dependents  and  others  free,  and  that  the 
relations  between  them  and  their  clients  were  practically  the  same 
as  those  of  the  early  Roman  Juris  Consulti  with  clients,  and  that 
the  same  change  developed  in  England,  from  the  same  necessity, 
as  in  the  Roman  Republic.  We  know  that  in  early  times  the 
taking  of  a  fee  was  a  delicate  matter,  so  distasteful  to  the  recipient 
that,  although  from  necessity  or  avarice  he  must  take  one,  it  was 
customary  to  drop  it  surreptitiously  into  a  pocket  in  the  back  of 
the  coif  worn  by  pleaders.  This  legal  fiction  is  maintained  in  Eng- 
land to  this  day,  and,  although  a  modern  barrister  might  fare 
badly  if  he  depended  upon  the  few  coins  he  might  find  in  his  coif 
on  disrobing,  the  pocket  is  still  in  the  junior  counsel's  stuff  gown, 
but  the  modern  practice  is  to  tender  the  "retainer,"  honorarium, 
or  fee  to  the  barrister's  clerk,  and  not  in  the  presence  of  the  bar- 
rister; if  insufiicient  to  secure  his  service,  or  if  he  is  from  other 
reasons  unable  to  take  the  case,  the  clerk  returns  the  money,  and 
whatever  reason  is  given,  it  is  the  clerk's  reason,  as  the  lawyer  is  in 
legal  ignorance  of  the  transaction.  The  barrister,  however,  might 
take  the  fee  and  do  nothing,  as  it  is  an  honorarium  or  gift,  which 
could  not  be  recovered  at  law,  and  the  return  of  the  sum  given  is 
purely  a  matter  of  honor.  On  tlie  other  hand,  a  barrister  cannot 
sue  for  service  rendered;  the  whole  engagement  is  an  affair  of 
honor  and  conscience  only,  and  the  reasons  for  this  have  been  ably 
expounded  by  many  able  law-writers,  too  voluminously  to  be 
quoted,  but  the  basing  idea,  beyond  the  dignity  of  the  barrister 
as  an  officer  of  the  Court,  bound  to  ol)ey  its  rulings  on  honor,  is 
the  inal)i]ity  of  any  nian  to  measure  a  mental  performance.     By 
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the  rules  of  tlie  Courts  and  ihc  Iraditions  of  the  profession,  the 
lawyer  is  bound  to  make  his  client's  case  his  own,  and  to  do  for  him 
all  that  he  would  do  for  himself  under  like  conditions.  If  he 
took  a  fee  and  then  did  nothing,  the  barrister,  if  arraigned,  might 
plead  that  under  like  conditions  as  the  client  he  would  do  nothing, 
and  the  falsity  of  this  could  not  be  proved;  therefore,  the  whole 
matter  is  dependent  on  the  conscience  of  the  lawyer.  All  the 
Courts  of  Europe  and  all  countries  settled  by  Europeans,  both 
under  Roman  and  common  law,  have  maintained  the  right  to  dis- 
bar or  expel  their  pleaders  for  mere  immorality  not  amounting  to 
crime,  and  this  right  is  frequently  exercised.  In  our  country  the 
laws  and  the  rulings  of  the  Courts  have  modified  many  stifT  old 
customs,  so  that  lawyers  can  sue  for  service  rendered,  but  the 
ideas  on  which  the  old  customs  are  based  are  upheld,  and  faithful 
attention  to  the  business  of  clients  is  enforced,  both  by  the  Courts 
and  by  professional  associations. 

In  the  profession  of  Arms  the  professional  spirit  has  had  great 
development  in  modern  times.  As  strife  or  war  is  inherent  in 
human  nature,  it  is  probably  the  oldest  of  the  professional  occu- 
pations, but  the  study  of  the  sciences  as  an  aid  to  warlike  opera- 
tions has  been  systematic  only  since  the  establishment  of  standing 
armies  and  navies.  The  arts  of  shipbuilding,  entrenchment,  and 
fortification  were  the  first  on  which  the  study  of  science  was  ap- 
plied, and  in  this  application,  called  into  service  by  the  exigencies 
of  strife,  is  to  be  found  the  genesis  of  our  own  profession.  Mili- 
tary engineering  was  the  babe,  now  grown  to  the  well-developed 
general  engineering  body  of  to-day,  and  the  affix  "civil"  simply 
designates  the  non-military  division  of  the  profession,  now  the 
most  important  to  the  progress  of  civilization. 

The  history  of  Medicine  need  not  be  reviewed,  as  this  pro- 
fession is  like  our  own  in  one  respect,  viz:  the  total  absence  of  a 
controlling  authority  having  power  to  supervise  the  conduct  of  its 
members,  but  we  can  learn  a  lesson  from  its  modern  development, 
greatly  aided  as  it  was  by  the  systematic  fight  made  by  all  schools 
to  regulate  admission  to  its  ranks.  Whilst  voluntary  associations 
of  surgeons  and  physicians,  of  several  schools  and  systems,  cannot 
control  the  morals  and  practice  of  men  who  have  been  once  regu- 
larly admitted,  they  can  expel  from  these  associations  all  who  vio- 
late the  code  of  morals  and  etiquette  prescribed  by  a  majority  of 
their  members,  and  these  associations  have,  by  systematic  appeal 
to  Legislatures,  persistently  maintained  for  many  years,  succeeded 
in  getting  laws  passed  in  nearly  all  civilized  countries  prohibiting 
the  practice  of  medicine  or  surgery  by  any  one  who  does  not  hold 
a  certificate  of  ciualification  issued  by  a  regular  school. 
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In  the  practice  of  law  the  basing  sciences  are  language,  logic, 
morals,  and  others.  Definition  of  the  meaning  of  the  words  of 
the  law,  and  the  modification  of  this  meaning  by  the  use  of  other 
intermediate  words,  and  the  application  of  logic,  is  the  business 
of  a  jurist,  and  therefore,  the  unanimous  decision  of  all  jurists,  from 
ancient  times  to  the  present  day,  to  the  efifect  that  the  mental  effort 
of  one  man  cannot  be  measured  by  another  man,  must  be  taken 
as  conclusive  that  such  is  a  fact.  The  effect  of  this  decision  upon 
all  engagements  for  mental  labor  is  that  such  contracts  must 
necessarily  be  based  on  the  honor  and  conscience  of  the  person 
undertaking  to  perform  that  labor.  When  the  mental  work  is  to 
be,  or  must  be,  accompanied  by  certain  bodily  movement,  there 
may  be  a  means  of  vaguely  determining  that  the  work  was  not 
performed,  but  there  is  no  means  of  determining  that  it  was  per- 
formed excei)t  by  results,  and  then  only  in  the  judgment  of  the 
person  judging,  and  he  may  not  be  cjualified  to  determine.  When 
the  result  to  be  achieved  takes  a  material  form,  the  contract  is  one 
for  material  work  and  can  be  specified,  but  where  the  result  is  an 
opinion,  the  fee  or  reward  is  earned  when  the  opinion  is  given,  no 
matter  how  absurd  the  opinion  may  seem  to  the  person  who  pays 
for  it. 

The  practice  of  engineering  recjuires  the  performance  of 
skilled  mechanical  labor,  such  as  draughting,  measuring,  survey- 
ing, etc.,  which  is  capable  of  specification,  and  mental  work,  such 
as  designing,  the  supervision  of  construction,  etc.,  the  full  extent 
of  which  it  is  not  possible  to  specify,  except  in  general  terms. 
Although  the  mechanical  work  can  be  done  by  those  unable  to  do 
a  large  part  of  the  mental  work,  and  frecjuently  is  done  by  such, 
the  best  results  are  obtained  by  having  this  work  done  by  those 
capable  of  checking  the  designing  computation  of  each  item  as 
the  design  is  drawn,  and  of  making  all  the  computations  required 
in  surv'cying,  as  the  mental  labor  which  should  accompany  this 
class  of  work  camiot  be  closely  defined,  and  the  observations  re- 
corded may  l)e  so  meagre  and  incomplete  as  to  nullify  the  value  of 
skilled  mechanical  work.  Continuously  applied  mental  labor 
should  accompany  all  the  mechanical  acts  of  an  engineer,  and  the 
assistance  they  can  secure  from  mechanics  is  so  little  that  it  may 
be  disregarded. 

Engineers  are  therefore  bound,  when  receiving  compensation 
for  mental  work,  to  do  that  work  as  if  the  resulting  benefit  were 
to  be  their  own,  and  this  is  the  lower  aspect  of  their  duty.  To 
remain  at  anv  level  of  morals,  it  is  necessary  to  constantly  strive 
to  attain  a  higher  level,  and  it  mav  l)e  said  that,  to  do  his  full  duty 
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to  his  employer,  an  engineer  should  strive  to  do  more  than  he 
would  do  for  his  own  benefit. 

Employment  is  frequently  given  by  people  who  are  not  famil- 
iar with  the  nature  of  the  work  they  wish  to  have  done  and  who 
expect  either  too  much  or  too  little  from  the  engineer  employed. 
The  service  that  should  be  given  to  such  an  employer  should  be 
equal  to  that  given  to  a  skilled  engineer  by  his  assistant.  An  en- 
gineering expert  employed  to  supervise  the  steel  construction  of  a 
great  bridge  does  not  work  a  certain  number  of  hours  per  day  and 
then  throw  the  subject  from  his  mind  until  the  next  day,  as  laborers 
throw  down  their  tools.  He  fills  his  mind  with  the  subject  as- 
signed him,  thoroughly  studies  the  general  design,  to  enable  him 
to  better  fulfil  the  task  he  has  undertaken,  seeks  frequent  con- 
sultations with  his  chief,  and  gives  long  and  patient  consultation 
to  his  own  assistants.  If  he  discovers  a  discrepancy,  he  at  once 
shows  it  to  his  chief  to  have  the  matter  corrected,  not  hiding  the 
error  to  mortify  him  by  one  oversight  in  a  great  and  skillful  de- 
sign. Perfection  in  an  intricate  design  can  be  secured  only  by 
conscientious  checking  of  all  calculations  and  revision  of  all 
connecting  details,  and  the  assistant  knows  that  that  is  part  of  the 
work  assigned  for  him  to  do,  and  whilst  he  diligently  seeks  for 
errors,  it  is  not  as  a  critic,  but  to  help  the  designer,  who  well  knows 
that  an  error  may  have  passed  into  his  calculations.  The  assistant 
in  charge  of  a  specialty  in  a  great  work  is  practically  chief  of  that 
department,  but  loyally  works  in  accord  with  the  designer  of  the 
whole  work,  from  whom  he  has  accepted  employment,  and  he 
charges  his  mind  with  the  full  responsibility  of  the  work  he  has 
undertaken,  making  it  the  engrossing  study  of  every  waking  hour 
until  the  work  is  completed,  as  much  so  as  the  designer,  and  as 
greatly  rejoices  in  final  success.  This  conscientious,  loyal,  and 
total  engrossment  with  the  work,  loving  it  as  the  chosen  life- 
work,  and  striving  to  make  it  perfect,  is  recognized  as  "professional 
spirit." 

Ruskin  states  somewhere,  in  substance,  that  "a  true  workman 
is  one  who  works  for  love  of  the  work  and  a  desire  to  attain  the 
greatest  possible  perfection  in  its  execution,  regardless  of  reward 
or  the  approbation  of  others,"  but  the  ability  to  work  in  this  way 
is  an  impossibility  to  all  who  are  without  means  of  living,  apart 
from  the  earnings  of  work.  To  bring  this  definition  of  true  work- 
manship or  professional  spirit  within  the  conditions  of  life,  it  is 
necessary  to  so  modify  this  statement  as  to  require  only  that  a 
workman  should  have  the  enthusiasm  to  do  this,  if  he  had  the 
means  of  supplying  his  physical  needs  and  moral  obligations  when 
working. 
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With  the  ideal  tints  modified,  a  professional  man  may  be  de- 
fined as  one  who  regards  the  work  he  is  engaged  in  to  be  of 
greater  importance  than  the  financial  reward  he  receives  for  doing 
it,  and,  if  the  reward  is  sufificient  to  supply  his  physical  needs,  to- 
gether with  the  moral  claims  upon  him,  the  mental  satisfaction  of 
having  striven  for  success,  whether  achieved  or  not,  is  in  itself  suf- 
ficient reward.  It  docs  not  require  much  reflection  to  perceive 
that  this  ideal  professional  man  is  one  who  strives  towards  a  moral 
perfection  which  is  practically  unattainable,  and  this  shows  that 
true  professional  spirit  is  a  striving  to  attain  moral  perfection,  and 
the  efforts  made  will  tend  to  stimulate  moral  development. 

1lie  rennmeration  to  be  received  for  service  is  a  matter  to  be 
considered  once  only,  when  the  employment  is  offered,  and  before 
acceptance.  When  the  employment  is  accepted  it  can  only  be 
surrendered,  by  one  actuated  by  true  professional  spirit,  at  such  a 
time  and  under  such  conditions  as  will  ensure  the  employer  from 
loss. 

From  the  foregoing  the  following  deduction  is  made,  viz: 
that  the  members  of  a  profession  profess  to  be  actuated  by  higher 
moral  obligations  than  are  commonly  recognized  in  the  engage- 
ments of  life.  The  purist  may  say  that  all  men  should  be  actuated 
by  moral  principle,  but  the  professions  say  that,  although  this  is 
true,  the  fact  is  that  popular  morals  are  lax,  but  we  profess  to  be 
so  actuated,  and  our  claim  should  be  recognized  if  we  live  con- 
sistently with  our  profession. 
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A  XEW  TESTINCi  ?IA(  IIINK  AM)  THE  CHOSS-lJIMvVKIXG 
TEST   OF    VITIfll  Ii:i)   PAVIX(i    HIMC  K. 

By  F.  F.  Harrington,  Member  of  the  Engineers'  Club  of  St.  Louis. 

[Read  before  the  Club,  January  6.  1897.*] 

On  July  17  of  last  year  a  paper  by  the  writer,  entitled  "Experi- 
ments on  Vitrified  Paving  Brick,"  was  read  before  this  club,  and 
published  in  the  August  number  of  the  Journal  of  the  Associa- 
tion OF  Engineering  Societies.  In  that  paper  were  pro- 
posed for  adoption  specific  methods  of  making  the  rattler  and  ab- 
sorption tests  in  the  St.  Louis  Testing  Laboratory.  In  the  article 
referred  to  it  was  mentioned,  also,  that  a  new  testing  machine  for 
the  cross-breaking  test  of  vitrified  paving  brick,  with  a  capacity  of 
25,000  pounds,  had  been  designed  by  Mr.  M.  L.  Holman.  The  ob- 
ject of  the  present  paper  is  to  describe  this  testing  machine  and  to 
give  the  results  of  an  investigation  of  the  cross-breaking  test  of 
paving  brick.  The  experiments  were  made  by  Mr.  S.  M.  Wood- 
ward, now  Professor  of  Physics  in  the  University  of  Arizona,  and 
the  author,  under  the  direction  of  Mr.  Holman. 

Fig.  I  is  a  view  of  the  machine  with  a  brick  in  position  to  be 
broken,  and  Fig.  2  shows  the  general  design.  A  wrought-iron 
hood  16"  X  16"  X  14"  high,  not  shown  in  the  figures,  rests  on  the 
bed-plate  and  confines  the  broken  brick.  In  the  front  of  the  hood 
is  an  opening  11"  wide  and  7"  deep  from  the  top,  so  that  the  brick 
can  be  properly  adjusted  for  the  test,  and  on  the  side  is  a  door, 
from  which  the  broken  specimen  is  removed. 

Tlie  machine  consists  of  a  vertical  cast-iron  cylinder,  17.99"  ± 
.01"  in  diameter  and  14^"  high,  inside  dimensions,  containing  a 
plunger  8"  high,  connected  to  a  steel  cross-head  above  by  means 
of  a  single  steel  rod  2.05" +  .01"  diameter.  This  rod  passes  through 
a  self-adjusting  metal  stuffing  box  bolted  to  the  cylinder,  and  also 
through  a  fixed  babitted  bearing  placed  in  the  top  of  a  cast-iron 
cylindrical  collar  i6V  high,  also  bolted  to  the  cylinder.  To  the 
cross-head  are  attached  two  steel  links  8^"  center  to  center,  sep- 
arated 4V  from  each  other,  and  containing  a  rectangular  steel  bar 
with  four  knife  edges,  two  of  which,  diagonally  opposite,  are 
sharp  and  the  other  two  well  rounded.  The  knife  edges  for  the 
support  of  the  brick  are  well  rounded,  both  longitudinally  and 
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Fig.   2. — Hydraulic   Testing   Machine.     Capacity   25,000    Pounds. 

Scale  i-io. 
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transverse].}',  and  are  so  l)olted  together  that  a  span  of  six  inches 
is  secured. 

The  novel  feature  of  the  machine  is  the  method  adopted  for 
reducing  the  friction  to  the  smallest  possible  amount.  For  this 
purpose  the  plunger  is  made  to  fit  loosely  in  the  cylinder  and  the 
piston-rod  in  the  self-adjusting  stufifing  box.  On  the  outer  sur- 
face of  the  plunger  are  turned  six  rectangular  grooves  ^"  wide 
and  5-16"  deep,  and  in  the  packing  about  the  plunger  rod  in  the 
stuffing  box  are  five  rectangular  grooves  f"  wide  and  3-16"  deep. 
The  oil,  therefore,  leaks  around  the  plunger  and  through  the 
stuffing  box  when  pressure  is  applied,  This  oil  fills  the  grooves 
and  keeps  the  bearings  in  a  thoroughly  lubricated  condition.  The 
leakage  of  oil  past  the  plunger  and  through  the  stuffing  box  is 
forced  through  pipes  to  the  oil  tank. 

The  oil  is  supplied  by  a  Gould  triplex  pump  from  a  constant- 
speed  electric  motor.  Each  plunger  of  the  pump  is  i^"  diameter 
and  2"  stroke.  The  speed  is  about  40  revolutions,  and  hence 
pumps  about  i^  gallons  per  minute.  The  air  chamber  on  the 
pump  has  a  capacity  of  about  half  a  gallon.  About  20  gallons 
are  required  to  fill  the  testing  machine,  connections,  and  oil 
tank  to  a  point  above  the  return  pipe.  The  oil  used  has  a  specific 
gravity  of  .89  at  80°  F. 

To  the  pipe  supplying  the  oil  to  the  cylinder  are  attached  a 
small  pressure  gauge  and  a  safety  valve.  To  the  cylinder  are 
connected  a  pressure  gauge  with  a  dial  "jV'  in  diameter,  graduated 
from  o  to  100  pounds,  a  steam  indicator  attachment,  and  a  record- 
ing pressure  gauge  indicating  pressures  from  o  to  100  pounds. 
Check  valves  are  placed  in  the  pipes  leading  to  the  gauges. 

The  movement  of  the  plunger  is  controlled  by  a  system  of  four 
conical  valves,  shown  in  Fig.  i  and  in  section  in  Fig.  3.  The  fol- 
lowing description  of  the  method  of  breaking  a  brick  will  explain 
the  operation  of  the  inachine  by  these  valves.  Having  started  the 
pump,  to  raise  llic  plunger,  valves  A  and  C  are  closed  and  B  and  D 
opened.  When  the  cross-head  is  raised  sufficiently  a  brick  is  ad- 
justed on  edge  on  the  rounded  knife  edges.  The  plunger  is  then 
lowered  by  opening  valves  A  and  C  until  the  middle  knife  edge 
comes  in  contact  with  the  top  of  brick,  care  having  been  taken 
to  make  the  planes  containing  the  center  lines  of  the  links  and  the 
opposite  knife  edges  of  the  rectangular  bar  coincident  and  vertical. 
It  will  thus  be  seen  that  the  plunger  rod  cannot  be  subjected  to 
cross  strains,  for  if  the  above  conditions  are  not  fulfilled  the 
rectangular  bar  will  revolve  in  the  links,  making  a  new  adjustment 
necessary. 
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Valve  D  is  then  closed  and  A  partially  closed  until  the  pres- 
sure on  gauge  in  supply  pipe  is  about  20  pounds.  This  throttling 
of  A  is  done  in  order  to  keep  the  pressure  in  the  supply  pipe  a 
definite  constant  amount  greater  than  that  in  the  cylinder,  so  that, 
when  a  test  specimen  breaks,  the  pump  is  largely  saved  from  shock 
and  the  air  chamber  is  prevented  from  emptying  itself,  thus  saving 
in  the  time  required  to  pump  up  to  a  new  pressure.  Valve  B  is 
now  gradually  closed,  raising  the  pressure  in  the  cylinder  uni- 
formly by  the  throttling  of  the  oil,  until  the  brick  is  broken.  The 
corresponding  pressure  is  recorded.  When  two  or  more  bricks 
are  to  be  broken,  valves  B  and  D  are  quickly  opened  and  A  and  C 
closed,  and  l:)y  the  time  the  broken  specimen  is  removed  the  cross- 
head  is  raised  enough  to  adjust  the  second  specimen,  and  the  fore- 
going cycle  of  operations  is  repeated  for  each  test. 

LEAKAGE. 

A  series  of  experiments  was  made  to  determine  the  relation 
between  the  leakage  around  the  plunger  and  the  pressure  in  the 
cylinder,  to  serve  as  a  guide  in  the  selection  of  a  pump  for  a  new 
hydraulic  machine  of  1,500,000  capacity,  for  crushing  materials 
of  construction,  which  was  designed  by  Mr.  Holman  upon  the 
same  general  principle,  but  in  which  the  pressure  in  the  cylinder 
is  very  high. 

Let  H  =  distance  from  bottom  face  of  cross  head  to  top  of 
bed-plate.  Then  the  limiting  values  of  H,  when  the  plunger  is 
at  the  bottom  and  at  the  top  of  its  stroke,  are  H  =  13-16"  and 
6  7-16". 

The  diameter  of  the  plunger  is  practically  uniform  through- 
out its  length,  but  the  diameter  of  the  cylinder  increases  some- 
what from  the  bottom  to  the  top.  The  leakage  was  therefore 
determined  for  values  of  H  of  i",  2",  3",  4",  5",  and  6".  These 
respective  heights  were  obtained  by  two  blocks  of  cast  iron  5"  x  3" 
X  i"  and  two  6"  x  4"  x  2",  which  were  placed  between  the. cross- 
head  and  bed-plate  to  block  the  machine,  the  links  having  been 
removed.  The  return  pipes  from  the  bottom  of  the  cylinder  and 
above  the  cylinder  were  closed  by  gate  valves,  and  pet  cocks  in  the 
pipes  opened  to  permit  the  escape  of  the  oil.  At  each  height  of 
the  plunger  the  leakage  was  obtained  for  pressures  in  the  cylin- 
der of  5,  10,  20,  30,  40,  50,  60,  70,  80,  90,  and  100  pounds.  At 
each  pressure  the  oil  was  allowed  to  flow  until  the  stream  was 
steadv,  after  which  it  was  collected  in  a  gallon  measure  for  ex- 
actly one  minute,  care  being  taken  to  keep  the  pressure  constant, 
and  the  difference  in  weight  between  the  can  before  and  after  the 
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experiment  gave  the  weight  of  the  oil  escaping,  which  was  found 
to  the  nearest  gram.  Fig.  4  shows  the  results  of  these  tests,  the 
flow  O  in  cubic  inches  per  minute  and  the  pressure  P  in  pounds 
per  square  inch  being  plotted.  The  leakage  is  nearly  directlv 
proportional  to  the  pressure.  The  curves  can  be  closely  fitted  by 
equations  of  the  form  Q  =  KP'^.  Each  curve  is  marked  with  its 
corresponding  equation,  and  points  which  exactly  satisfy  the 
equation  are  also  shown. 

Experiments  on  the  leakage  through  the  stufifing  box  were 
made  in  a  similar  manner,  except  that  in  each  case  five  minutes 
Vv'ere  allowed  in  order  to  permit  the  flow  to  become  steadv,  and 
the  leakage  then  obtained  for  five  minutes  was  weighed.  The 
results  are  given  in  Table  L 


Fig.  4. — Leakage  Curves. 


TABLE  I 

Leakage  through  S 

Pressure— Pounds 

>er  sq.  in. 

Decreasing  Pressu 

100 

40 

90 

35 

80 

31 

70 

27 

60 

24 

50 

21 

40 

16 

30 

IS 

20 

II 

10 

7 

Increasing  Pressure. 
36 

34 
31 
28 

25 
21 
18 
14 
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CALIBRATION    AND    FRICTION. 

During-  the  progress  of  the  experiments  it  was  necessary  to 
test  frequently  the  large  pressure  gauge.  This  was  done  by  means 
of  a  Crosby  dead-weight  gauge-tester  belonging  to  the  Water 
Department.  It  was  found  that  the  spring  in  the  gauge  became 
more  unyielding,  so  that  the  corresponding  readings  were  slightly 
lower  as  the  gauge  was  longer  in  service,  and  the  face  of  the  gauge 
was  graduated  accordingly  after  each  test.  The  maximum  devi- 
ation from  the  original  graduations  was  1.7  pounds  at  100  pounds 
pressure,  which  decreased  quite  regularly  to  0.6  at  5  pounds  pres- 
sure. 

The  graduated  cards  accompanying  the  recording  gauge  were 
found  inaccurate,  so  it  was  calibrated  by  means  of  the  pressure 
gauge,  A  plain  sheet  is  therefore  now  used  on  the  recording 
gauge,  and  the  breaking  load  read  by  a  scale  prepared  for  the 
purpose,  an  initial  circle  representing  5  pounds  pressure  being 
first  drawn  on  the  sheet. 

Fig.  5  shows  the  method  used  in  calibrating  the  machine  and 
determining  its  friction.  A  steel  I-beam  4"  deep,  2  13-16"  wide, 
and  70"  long  was  passed  between  the  links  and  supported  at  one 
end  on  a  standard  resting  on  the  bed-plate,  while  the  other  end  was 
suspended  in  a  stirrup  attached  to  the  main  knife  edge  of  a  1,000- 
pound  Riehle  cement  testing  machine.  The  knife  edges  and  their 
bearing  surfaces  were  of  hardened  steel,  and  arranged  in  a  straight 
line  on  the  top  of  the  beam.  The  cement  machine  was  first  bal- 
anced with  the  beam  removed.  The  beam  was  then  replaced  and 
the  portion  of  its  weight  carried  by  the  cement  machine  recorded. 
The  plunger  of  the  cross-breaking  machine  was  then  lowered  until 
its  weight  was  carried  by  the  beam,  and  a  second  reading  on  the 
cement  machine  recorded.  For  the  calibration  the  sharp  knife 
edge  of  the  rectangular  bar  was  used,  and  the  bearing  plate 
chalked  so  that  an  accurate  measurement  of  the  leverage  could 
be  obtained.  Pressure  was  then  applied  and  readings  taken  on  the 
gauge  while  it  was  changing  at  a  uniform  rate  for  each  100  pounds 
increase  on  the  cement  machine  forward  and  backward.  For  any 
given  reading  on  the  cement  machine,  the  difference  between  the 
readings  on  the  pressure  gauge  when  the  load  was  increasing  and 
decreasing  was  taken  to  represent  twice  the  sliding  friction  of  the 
plunger.  Table  II  shows  the  results  of  two  sets  of  experiments 
made  on  July  27  and  August  15. 
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TABLE  II. 

FIRST    SET JULY    2/. 


Gauge  Readings. 

Cement  Machine 

Increasing 

Decreasing 

Average 

Force 

Readings,  lbs. 

Pressure,  lbs. 

Pressure,  lbs. 

Pressure,  lbs. 

Friction,  lbs. 

32 

46 

146 

8.3 

8.0 

8.15 

0.3 

246 

16.3 

16.0 

16.25 

0.5 

346 

24.4 

24.0 

24.20 

0.4 

446 

32.4 

32.1 

32.25 

0.3 

546 

40.6 

40.1 

40.35 

0.5 

646 

48.7 

48.0 

48.35 

0.7 

746 

56.9 

56.2 

56.55 

0.7 

846 

54-9 

64.1 

64.50 

0.8 

946 

72.9 

72.1 

72.50 

0.8 

SECOND    SET AUGUST    1 5, 

33 

46 

146 

8.3 

8.0 

8.15 

0.3 

246 

16.5 

16.0 

16.25 

0.5 

346 

24.4 

24.0 

24.20 

0.4 

446 

32.3 

32.0 

32.15 

0.3 

546 

40.7 

40.0 

40.35 

0.7 

646 

48.9 

48.1 

48.50 

0.8 

746 

57-0 

56.0 

56.50 

I.O 

846 

65-0 

64.0 

64.50 

I.O 

946 

730 

72.1 

72.55 

0.9 

The  average  gauge  pressures  and  their  corresponding  read- 
ings on  the  cement  machine  in  the  above  experiments  fall,  when 
plotted,  very  nearly  on  a  straight  line,  showing  that  the  load  is 
directly  proportional  to  the  pressure. 

To  find  the  pressure  to  be  allowed  for  the  weight  of  the 
plunger,  we  have,  from  first  set. 


and  from  second  set, 


46  —  32 

X  72.5  =  1. 13. 

900       '    ^  ^ 


46  —  33     ^^  ,„      ,  ^, 

X  72.55  r=  1.05. 

900  ^      -^J  J 


The  arms  for  the  first  set  were  3.30"  and  66.55". 
The  area  of  plunger  is  therefore 

goo  66. 5  5 

-—     X    -     '^■-=  250.4. 
72.5  3-30 
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The  arms  for  the  seeond  set  were  3.28"  and  66.55",  and  the 
area  of  plunger 


900        66.55 
72.55  ^    3.28 


25I7. 


The  area  of  the  top  of  phniger  from  measurement  is 
(17.99-— 2.05=)  7854=250.9  sq.  in. 

The  weight  of  the  plunger,  rod,  crosshead,  links  and  knife 
edge  in  air  is  295  lbs. 

Fig.  6  shows  the  final  calibration  line  for  the  testing  machine 
which  is  straight  and  calculated  from  the  following  data: 

Area  of  plunger — 251  square  inches. 

Gauge  pressure  allowed  for  weight  of  plunger  and  connec- 
tions, I.I  pounds. 

Friction,  nothing  at  zero  pressure,  and  0.5  pounds  at  100 
pounds  pressure. 
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Fig.  6. — Calibration  Line. 

The  chief  features  of  the  Testing  Machine,  briefly,  are: 

1.  The  friction  is  reduced  to  a  very  small  amount,  by  causing 
the  oil  to  leak  around  the  plunger  and  rod,  thus  maintaining  oil 
bearings,  and  eliminating  packing. 

2.  It  is  simple  in  construction,  having  very  few  moving- 
parts. 

3.  The  load  on  the  specimen  is  under  perfect  control  at  all 
times,  and  can  be  applied  uniformly,  released  instantly,  or  held 
constant  for  any  length  of  time. 
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4.  The  results  obtained  are  accurate  to  within  one  per  cent. 

5.  Specimens  can  be  broken  for  commercial  purposes  ra])i(ll\-. 
without  physical  labor  and  by  one  operator. 

6.  The  load  on  the  specimen  is  indicated  by  a  pressure  gauge 
and  a  record  of  the  tests  made  is  also  kept  on  an  autographic  re- 
cording gauge. 

THE    CROSS-BREAKING    TEST. 

The  cross-breaking  test  of  paving  brick  is  important  for  the 
following  reasons: 

1.  It  furnishes  a  means  of  comparing  the  toughness  of  vari- 
ous kinds  of  clay  paving  material. 

2.  For  any  particular  kind  of  brick,  it  shows  whether  the  ma- 
terial has  been  properly  treated  in  the  various  stages  of  its  manu- 
facture. 

3.  It  indicates  the  resistance  of  the  material  in  cross-breaking 
when  laid  in  the  pavement  on  an  unyielding  and  uneven  surface. 

4.  The  cross  section  being  exposed,  the  interior  structure 
may  be  examined. 

The  method  of  making  the  test  consists  in  supporting  the 
brick  on  edge  upon  rounded  knife  edges  with  a  span  of  six  inches, 
applying  the  load  uniformly  to  the  middle  of  top  face  until  broken 
and  computing  the  modulus  of  rupture  from  the  ordinary  cross- 
breaking  formula, 

3JW  I 
2  b  d^ 
in  which 

fzzrmodulus  of  rupture. 

w=total  breaking  load. 

i^span  in  inches. 

b=breadth  of  brick  in  inches. 

d=rdepth  of  brick  in  inches. 

In  order  to  facilitate  the  calculation  of  the  modulus  of  rupture, 
a  slide  rule  has  been  prepared,  which  is  graduated  as  follows:  On 
the  limb  are  two  scales,  the  upper  representing  the  width  of  the 
brick  in  inches,  the  limits  being  1.5  and  6  inches,  graduated  to 
fiftieths  of  an  inch,  and  the  lower  being  the  modulus  of  rupture 
from  500  to  7,000  pounds  per  square  inch,  graduated  from  500  to 
3,000  in  lo  pound;  from  3,000  to  5,000  into  20  pound,  and  from 
5,000  to  7,000  into  50  pound  divisions.  On  one  side  of  the  slide 
are  two  scales,  the  upper  being  the  depth  of  the  brick  having  limits 
1.3  to  5  inches,  graduated  to  1-100  inch,  and  the  lower  being  the 
total  load  taken  from  the  calibration  line  of  the  testing  machine 
shown  in  figure  6,  graduated  from  6  to  80  pounds  on  the  gauge 
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into  1-5  pound,  and  from  80  to  100  into  }  pound  divisions.  On  the 
opposite  side  of  the  shde  are  two  scales,  the  upper  Ijeing-  the  deptli, 
as  on  the  first  side,  and  the  lower  being  the  total  breaking-  load  in 
pounds  avoirdupois  from  2,000  to  27,000,  graduated  from  2,000  to 
10,000  into  50  pound;  from  10,000  to  20,000  into  100  pound,  and 
from  20,000  to  27,000  into  200  pound  intervals. 

In  using  the  rule,  the  width  and  depth  of  the  brick  having  been 
measured  to  the  nearest  hundredth  of  an  inch,  the  depth  on  the 
slide  is  set  opposite  the  width  on  the  limb.  Then  opposite  the 
breaking-  load  on  the  slide,  the  modulus  of  rupture  is  read  ofi  on 
the  limb.  The  modulus  of  rupture,  in  ])ounds  per  square  inch, 
can  thus  readily  be  found  to  the  nearest  10  pounds  in  the  case  of  a 
brick  tested  edgewise  or  flatwise,  broken  either  on  the  hydraulic, 
oi"  on  some  universal  testing  machine. 

In  order  to  avoid  the  necessity  of  grinding  the  surfaces  to  par- 
allel planes  for  the  cross-breaking  test,  and  at  the  same  time  to 
reduce  the  twisting  strains  due  to  the  irregularity  of  those  surfaces 
to  a  minimum,  the  lower  knife  edges  were  slightly  rounded  longi- 
tudinally as  well  as  transversely,  while  the  upper  knife  edge  was 
made  straight  longitudinally  but  rounded  transversely.  This  re- 
sults in  a  concentration  of  stress  upon  two  small  areas  of  the  brick 
in  contact  with  the  lower  knife  edges.  In  the  early  experiments 
these  knife  edges  were  sharp,  and  the  specimen  broke  frequently 
iri  a  well-defined  curved  surface,  beginning  at  one  of  the  lowev 
knife  edges,  bending  convex  upward  and  terminating  near  the  up- 
per knife  edge.  This  led  to  an  investigation  of  the  theory  of  the 
lines  of  stress  in  a  brick  in  cross-breaking,  which,  although  based 
on  various  assumptions,  accounted  for  the  character  of  the  rupture. 
Consider  a  brick  supported  on  edge  on  knife  edges  6"  apart,  with 
a  concentrated  load  in  the  middle.  The  total  shear  is  then  con- 
stant between  the  support  and  the  load,  but  for  any  vertical  section 
it  varies  as  the  ordinates  of  a  parabola  having  its  vertex  on  the 
neutral  axis,  where  the  shear  is  a  maximum,  and  diminishing  to 
zero  at  the  upper  and  lower  surfaces.  The  fibre  stress  due  to  the 
bending  moment  varies  uniformly  on  a  horizontal  section  between 
the  vertical  section  through  the  middle  where  it  is  a  maximum, 
and  the  vertical  sections  through  the  supports  where  it  is  zero;  it 
also  varies  uniformly  from  the  neutral  axis  where  it  is  zero,  to  the 
lower  surface  w  here  it  is  a  maxinuun  in  tension,  and  from  the  neu- 
tral axis  to  the  upper  surface,  where  it  is  a  maximum  in  compres- 
sion. A  combination  of  these  two  stresses  at  any  point  by  the 
method  of  Rankine's  theory  of  the  "Eclipse  of  Stress"  gives  the  re- 
sultant principal  tensile  stress  in  direction  and  amount. 
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Figure  7  represents  a  brick  8"  long,  4"  deep  and  i"  wide,  on 
supports  6"  apart  and  loaded  with  one  pound  in  the  middle.  The 
jM-incipal  tensile  stresses  were  computed  for  points  from  the  center 

1  lb. 


^ 0-- 

FiG.    7. — Principal   Tensile    Stress    Lines,    Directions   and    Line    of 

Rupture. 

to  one  support  (the  two  halves  being  symmetrical)  varying  from 
each  other  by  distances  of  V  vertically  and  horizontally.  Lines 
were  then  drawn,  connecting  points  of  equal  stress*,  which  are 

*The  general  formula  for  the  principal  tensile  stress  lines  is: — 
k^  —  pxy  =  yi*p  —  p^y*  +  PiY* 


Where  p  =  ^,  Pi 


35 


,  P.- 


72yi 
h« 


k  =  coefficient  marked  on  stress  line. 

V 

yi  =  ^  depth  of  brick  =  — 


dy 
dx 


py 


dy 


2P2y  —  px  —  4Piy' 

If  -J—  ^  o,  y  =  o,  or  the  tangent  is  horizontal  only  at  the  neutral  axis. 

If  k  =  .5,  X  =  3,  y  =  1.62,  h  =  4,  yi  =  2,  then  p  =  t,\,  p,  =  r^j,  p.,  =  xf  s, 
,  dy 
and-j  -  =  —  1.227,  or  the  tangent  to  the  stress  line,  k  =  .5,  at  the  middle  of 

brick  is  about  51°. 
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sliown  by  the  full  lines,  the  stresses  bein.<;'  marked  ii])on  them,  and 
tlic  directions  of  the  stresses  are  shown  by  the  dotted  lines.  For 
a  brick  of  different  width  and  loading-,  the  magnitude  of  the  stress 
is  found  by  multiplying^  the  figures  on  the  diag'ram  by  the  ratio  of 
the  total  load  to  the  width  in  inches. 

Theoretically  the  external  forces  are  supposed  to  act  uniformly 
over  the  whole  vertical  cross  section  of  the  brick,  but  practically 
these  forces  are  concentrated  over  the  small  area  in  contact  with 
the  knife  edges,  so  that  the  lines  shown  in  Fig.  8  will  be  greatly 
distorted.  When  a  specimen  breaks  at  the  knife  edge  the  rupture 
is  started  by  the  intense  compressive  stress  at  that  point  after  which 
it  tends  to  follow  at  right  angles  to  the  directions  of  the  lines  of 
principal  tensile  stress  as  shown  by  the  broken  line  on  the  dia- 
gram. 

The  lower  knife  edges  were  then  rounded  transversely  to  a 
larger  radius  and  this  difficulty  was  practically  overcome.  Further 
experiments  with  bricks  of  inferior  quality,  however,  showed  that 
occasionally  a  specimen  broke  in  the  above  manner,  and  to  coun- 
teract this  tw^o  remedies  were  applied  with  success,  the  first  being 
to  place  small  steel  plates  between  the  lower  supports  and  the  brick 
and  the  second  to  break  the  specimen  flatwise,  thus  spreading  and 
reducing  the  concentrated  forces. 

In  the  following  tables.  III  to  A^II,  inclusive,  are  given  the 
results  of  some  cross-breaking  tests  on  paving  brick  of  different 
manufacture,  each  being  numbered  and  described  in  table  VIII. 
The  figures  represent  the  moduli  of  rupture  in  pounds  per  scjuare 
inch. 

Table  III.  Ten  bricks  w-ere  broken  with  load  applied  at  the 
rate  of  2,500  pounds  per  second,  after  which  ten  of  the  same  kind 
were  broken  in  a  similar  manner  at  the  rate  of  250  pounds  per  sec- 
ond.    The  results  are  practically  the  same. 

Table  I\'.  Ten  bricks  were  broken  edgewise  and  flatw^ise  on 
the  Hydraulic  Machine,  and  ten  of  the  same  kind  were  broken 
edgew'ise  and  flatwise  on  a  Riehle  20,000  pound  Testing  Machine 
at  Washington  University,  with  practically  the  same  results. 

Tables  IX.,  V.  and  VI.  Samples  of  different  manufacture 
were  broken  edgewise  and  flatwise.  Theoretically  for  brick  of  any 
one  make  the  results  should  be  equal,  but  the  method  of  manufac- 
ture and  repressing  tend  to  vary  them.  The  higher  averages  of  the 
same  kind  of  brick  when  broken  flatwise  than  when  broken  edge- 
wise may  be  accounted  for  by  the  repressing  process.  From  the 
tests  given  in  the  tables  and  others  not  recorded  it  is  believed  that 
a  comparison  of  tests  edgewise  and  flatwise  on  carefully-chosen 
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samples  of  the  same  kind  of  hriek  is  an  excellent  means  of  ascer- 
taining the  homogeneity  of  the  material.  The  tables  also  show 
that  in  a  series  of  tests  the  individual  results  are  very  variable,  and 
thus  to  secure  a  uniform  paving  material,  the  average  value  and 
the  range  of  variation  of  individual  results  from  the  average  should 
be  specified. 

Table  VII.  These  results  show  the  weakening  elYect  of  a 
flaw  in  the  specimen.  An  examination  of  the  fractured  surface 
showed  that  Nos.  8,  9  and  10  of  paving  brick  No.  5  and  Nos.  2  and 
7  of  No.  6  were  more  or  less  air-checked,  causing  a  great  reduction 
in  their  strength.  Cross-breaking  discloses  such  defects  better 
than  any  other  test  applied  to  paving  brick. 

From  the  preceding  experiments  the  following  methods  for 
making  the  cross-breaking  test  is  proposed.  Support  the  brick  on 
edge  on  hardened  steel  knife  edges  well  rounded  transversely  and 
slightly  rounded  longitudinally,  bolted  to  secure  a  span  of  six 
inches,  and  apply  the  load  in  the  middle  of  the  top  through  a  third 
knife  edge  rounded  transversely,  but  straight  longitudinally.  Sam- 
ples for  test  should  be  free  from  all  visible  irregularities  and  defects 
with  practically  parallel  upper  and  lower  faces,  and  not  less  than 
ten  should  be  broken. 

TABLE  III. 

FAST    AND    SLOW    BREAKING PAVING  BRICK    NO.    I. 

Fast.  Slow. 

I 3020  3270 

2 2900  2700 

3 2670  2760 

4 3520  3070 

5 3020  2590 

6 2790  2330 

7 2730  3300 

8 33t»o  2360 

9 2500  2330 

10 2340  2590 

Average 2885  2730 

TABLE  IV. 

BROKEN    EDGEWISE    AND  FLATWISE — PAVING    BRICK  NO.    I. 

Hydraulic  Machine.  Riehle  Machine. 

Edgewise.  Flatwise.  Edgewise.                 Flatwise. 

I 2730  2050  2700                         3600 

2 2670  3420  3380                         3170 

3 2760  3550  2950        2310 

4 23 10  2370  1830        3240 

5 2450  2050  2250        2230 

6 2/10  3320  2860  2270 

7 3330  3140  2590  2590 

8 2870  3370  2840  3130 

9 3440  2510  3650  2920 

10 2640  3420  2540  2450 

Average....  2791        2920        2759        2791 
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TABLE  V. 

BROKEN    EDGEWISE    AND    FLATWISE PAVING    BRICK    NO.    2. 

Size.                                8  X  3K  X  3M  8  x  3K  x  3 

Edgewise.  Flatwise.  Edgewise.  F"Iatwise, 

1 2720  2890  2480  3000 

2 2820  3240  3070  3030 

3 2540  2560  3080  3380 

4 2080  2600  2990  3360 

5 2580  2210  2350  3890 

6 2260  2850  2410  3400 

7 2580  2480  2580  3290 

8 2080  2990  2810  2890 

9 2450  2140  3500  3000 

10 2720  2730  2820  3780 

Average 2483     2669     2809     3302     2566     2822 


8X3K 

X2^ 

Edgewise. 

Flatwise. 

1930 

2920 

2140 

1850 

2910 

3110 

3170 

3400 

2070 

3020 

2260 

1950 

2580 

2820 

1880 

2920 

3100 

2530 

3620 

3700 

TABLE  VL 

BROKEN  EDGEWISE  AND  FLATWISE PAVING  BRICK  NOS.  3  AND  4. 

Numbers.  Number  4. 

Edgewise.                 Flatwise.                 Edgewise.  Flatwise. 

1 3500          2780  2970  2950 

2 2840          3480  2120  3030 

3 2780        3300  2870  2830 

4 3260        3250  2000  2940 

5 3260        2820  2330  2710 

6 2840        3480  2260  2680 

7 3570        3010  2960  2790 

8 3500        3530  2940  3020 

9 2750        2970  2230  3160 

10 2660       3340  2140  2920 

Average 3096        3196  2482  2903 


TABLE  VIL 

EFFECT    OF    FLAWS PAVING    BRICK    NOS.    5    AND    6. 

Number  5.  Number  6. 

Edgewise.  Edgewise. 

I 1950  3230 

2 3130  930* 

3 2140  2560 

4 2340  2750 

5 2230  2520 

6 2010  2560 

7 .«20  1330* 

8 1 100*  3260 

9 1550*  3300 

10 1240*  2260 

*  Fracture  shows  air  check. 
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TABLE  Vni. 

DESCRIPTION    OF    PAVING    BRICK  TESTED. 
No.     Material.                                             Dimensions.  Remarks. 

1.  Shale 8J4  X  4     x  2^/2  Repressed. 

f  S      X  3V4  X  3^ 

2.  Shale -18      X  3f^  x  3  Repressed. 

[8      X  3^  x  2>^ 

3.  Shale 8^-^1x4     X  2^  Repressed. 

4.  Shale 8      x  3^4  x  2^  Repressed. 

5.  Shale  and  fireclay  .  . .  .  g      x  4      x  3  Repressed. 

6.  Shale  and  fireclay  ....  9      x  4      x  3  Repressed. 
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Ai-tich's  ut'  Association. 


The  following  Articles  of  Association  were  adopted  at  a  meeting  held  in 
Chicago,  December  4.  1880.  At  this  meeting  there  were  present  representa- 
tives of  the 

Western  Society  of  Engineers, 

Civil  Engineers'  Club  of  Cleveland, 

Engineers'  Club  of  St.  Louis; 
and  the 

Boston  Society  of  Civil  Engineers 
was  represented  by  letter. 


For  the  purpose  of  securing  the  benefits  of  closer  union  and 

THE  .advancement  OF  MUTUAL   INTERESTS.   THE   ENGINEERING  SOCIETIES  AND 
CLUBS   HEREUNTO   SUBSCRIBING,    II.WE   .\GREED    TO   THE   FOLLOWING 

ARTICLES  OF  ASSOCIATION. 

ARTICLE  I. 

NAME    AND    OBJECT. 

The  name  of  this  Association  shall  be  "The  Association  of  Engi- 
neering Societies."  Its  primary  object  shall  be  to  secure  a  joint  publica- 
tion of  the  papers  and  the  transactions  of  the  participating  societies. 

ARTICLE  II. 

organization. 

Section  i.  The  affairs  of  the  Association  shall  be  conducted  by  a 
Board  of  Managers  under  such  rules  and  by-laws  as  they  may  determine, 
subject  to  the  specific  conditions  of  these  articles.  The  Board  shall  consist 
of  one  representative  from  each  society  of  one  hundred  members  or  less, 
with  one  additional  representative  for  each  additional  one  hundred  mem- 
bers, or  fraction  thereof  over  fifty.  The  members  of  the  Board  shall  be  ap- 
pointed as  each  society  shall  decide,  and  shall  hold  office  until  their  suc- 
cessors are  chosen. 

Sec.  2.  The  officers  of  the  Board  shall  be  a  chairman  and  secretary, 
the  latter  of  whom  may  or  may  not  be  himself  a  member  of  the  Board. 

ARTICLE  III. 

DUTIES    OF    officers. 

Section  i.  The  Chairman,  in  addition  to  his  ordinary  duties,  shall 
countersign  all  bills  and  vouchers  before  payment  and  present  an  annual 
report   of  the   transactions   of  the   Board:    which   report,   together   with   a 
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synopsis  of  the  other  general  transactions  of  the  Board  of  interest  to  mem- 
bers, shall  be  published  in  the  Journal  of  the  Association. 

Sec.  2.  The  Secretary  shall  be  the  active  business  agent  of  the  Board 
and  shall  be  appointed  and  removed  at  its  pleasure.  He  shall  receive  a 
compensation  for  his  services  to  be  fixed  from  time  to  time  by  a  two-thirds 
vote.  He  shall  receive  and  take  care  of  all  manuscript  copy  and  prepare  it 
for  the  press,  and  attend  to  the  forwarding  of  proof-sheets  and  the  proper 
printing  and  mailing  of  the  publications.  He  shall  have  power,  with  the  ap- 
proval of  any  one  member  of  the  Board,  to  return  manuscript  to  the  author 
for  correction  if  in  bad  condition,  illegible,  or  otherwise  conspicuously  de- 
ficient or  unfit  for  publication.  He  shall  certify  to  the  correctness  of  all 
bills  before  transmitting  them  to  the  chairman  for  countersignature.  He 
shall  receive  all  fees  and  moneys  paid  to  the  Association  and  hold  the  same 
under  such  rules  as  the  Board  shall  prescribe. 

ARTICLE  IV. 

PUBLICATIONS. 

Section  i.  Each  society  shall  decide  for  itself  what  papers  and  trans- 
actions of  its  own  it  desires  to  have  published  and  shall  forward  the  same 
to  the  Secretary. 

Sec.  2.  Each  society  shall  notify  the  Secretary  of  the  minimum  num- 
ber of  copies  of  the  joint  publications  which  it  desires  to  receive,  and  shall 
furnish  a  mailing-list  for  the  same  from  time  to  time.  Copies  ordered  by 
any  society  may  be  used  as  it  shall  see  fit.  Payments  by  each  society  shall 
in  general  be  in  proportion  to  the  number  of  copies  ordered,  subject  to  such 
modification  of  the  same  as  the  Board  of  Managers  may  decide,  by  a  two- 
thirds  vote,  to  be  more  equitable.  Assessments  shall  be  quarterly  in  ad- 
vance, or  otherwise,  as  directed  by  the  Board. 

Sec.  3.  The  publications  of  the  Association  shall  be  open  to  public 
subscription  and  sale,  and  advertisements  of  an  appropriate  character  shall 
be  received,  under  regulations  to  be  fixed  by  the  Board. 

Sec.  4.  The  Board  shall  have  authority  to  print  with  the  joint  publica- 
tions such  abstracts  and  translations  from  scientific  and  professional  jour- 
nals and  society  transactions,  as  may  be  deemed  of  general  interest  and 
value. 

ARTICLE  V. 

CONDITIONS    OF   PARTICIPATION. 

Section  i.  Any  society  of  Engineers  may  become  a  member  of  this 
Association  by  a  majority  vote  of  the  Board  of  Managers,  upon  payment 
to  the  Secretary  of  an  entrance  fee  of  fifty  cents  for  each  active  member, 
and  certifying  that  these  Articles  of  Association  have  been  duly  accepted 
by  it.  Other  technical  organizations  may  be  admitted  by  a  two-thirds  vote 
of  the  Board,  and  payment  and  subscription  as  above. 

Sec.  2.  Any  society  may  withdraw  from  this  Association  at  the  end  of 
any  fiscal  year  by  giving  three  months'  notice  of  such  intention,  and  shall 
then  be  entitled  to  its  fair  proportion  of  any  surplus  in  the  treasury,  or  be 
responsible  for  its  fair  proportion  of  any  deficit. 

Sec  3.  Any  society  may,  at  the  pleasure  of  the  Board,  be  excluded 
from  this  Association,  for  non-payment  of  dues  after  thirty  days"  notice 
from  the  Secretary  that  such  ])ayment  is  due. 
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ARTICLE  VL 

AMENDMENTS. 

These  articles  may  be  amended  by  a  majority  vote  of  the  Board  of 
Managers,  and  subsequent  approval  by  two-thirds  of  the  participating  so- 
cieties. 

ARTICLE  VII. 

TIME  OF  GOING  INTO  EFFECT. 

These  articles  shall  go  into  effect  whenever  they  shall  have  been  ratified 
by  three  societies,  and  members  of  the  Board  of  Managers  appointed.  The 
Board  shall  then  proceed  to  organize,  and  the  entrance  fee  of  fifty  cents  per 
member  shall  then  become  payable. 


These  articles  were  adopted  by  the  several  societies  upon  the  following 
dates: 

Engineers'  Club  of  St.  Louis,  January  5,  1881. 

Civil  Engineers'  Club  of  Cleveland,  January  8,  1881. 

Boston  Society  of  Civil  Engineers,  January  19,  1881. 

Western  Society  of  Engineers,  April  5,  1881. 
The  Board  of  Managers  was  organized  at  Cleveland,  January  11,  1881. 
The   following   societies   have   since   certified   their   acceptance    of   the 
Articles,  and  have  become  members  of  the  Association  of  Engineering  So- 
cieties: 

Engineers'  Club  of  Minneapolis,  July,  1884. 

Civil  Engineers'  Society  of  St.  Paul,  December,  1884. 

Engineers'  Club  of  Kansas  City,  January,  1887. 

Montana  Society  of  Civil  Engineers,  April,  1888. 

Wisconsin  Polytechnic  Society,  June,  1892. 

Denver  Society  of  Civil  Engineers,  January  24,  1895. 

Association  of  Engineers  of  Virginia,  February  i,  1895. 

Technical  Society  of  the  Pacific  Coast,  March  i,  1895. 
The  Wisconsin  Polytechnic  Society  withdrew  from  the  Association  in 
March,  1894. 

The  Western  Society  of  Engineers  withdrew  in  December,  1895. 
The  Engineers'  Club  of  Kansas  City  disbanded  at  the  close  of  1890. 


Aiiiuial    l^opoit   ol"  the  Chairman   of  tlio    Board   of  Maiiaii<'is. 


Boston,  December  31,  1896. 
To  the  members  of  the  Board  of  Managers  of  the  Association  of  Engineering 
Societies: — 

Gentlemen: — In  transmitting  to  you  the  report  of  the  Secretary  of 
the  Association,  I  desire  to  avail  myself  of  the  opportunity  to  express  my 
appreciation  of  the  honor  which  you  have  conferred  upon  me  in  electing 
me  chairman  of  the  board.  The  business  of  the  Association  had  been  con- 
ducted so  ably  by  the  two  gentlemen  who  had  preceded  me  that  I  assumed 
the  position  with  some  hesitancy,  but  as  you  had  at  the  same  time  re-elected 
our  efficient  Secrctarv,  Mr.  Trautwine,  I  felt  that  in  liis  hands  the  business 
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of  the  l^oard  would  !)e  skillfuHy  managed  and  tlie  end  of  the  year  would 
find  the  Association  in  good  condition.  A  careful  examination  of  his  very- 
full  report  of  the  work  of  the  year  shows  that  this  faith  was  not  misplaced, 
and  I  desire  to  express  my  sincere  appreciation  of  his  valuable  services 
and  his  untiring  zeal  in  the  interest  of  the  Association. 

The  past  year  has  been  a  prosperous  one  for  the  Association,  although 
marked  by  no  important  transaction.  The  dissolution  of  the  Engineers' 
Club  of  Kansas  City  and  its  practical  withdrawal  from  membership  at  near 
the  close  of  the  year  is  the  only  event  which  calls  for  special  mention. 

All  papers  which  have  been  forwarded  for  publication  have  appeared 
promptly  in  the  Journal,  and  in  a  manner  entirely  satisfactory  to  its 
readers.  The  reduction  of  nearly  25  per  cent,  in  the  amount  of  matter  pre- 
sented during  the  year  by  the  societies  now  in  the  Association  is  an  occur- 
rence to  which  the  attention  of  the  members  of  the  several  societies  should 
be  called,  and  the  fact  should  be  impressed  upon  the  committees  having 
charge  of  the  preparation  of  papers  that  the  present  financial  condition  of 
the  Association  is  such  that  papers  can  be  published  in  the  Journ.al  in  as 
satisfactory  a  manner  and  as  profusely  illustrated  as  in  any  publication 
now  reaching  the  profession. 

The  question  of  resuming  the  publication  of  the  index  to  current  engi- 
neering literature  in  the  Journal  is  one  that  has  been  brought  to  the 
attention  of  the  Chairman,  and  he  has  given  it  careful  consideration  and 
has  consulted  with  members  of  the  various  societies.  The  cost  of  preparing 
and  printing  these  index  notes  is  so  large  that  the  matter  should  be  left  in 
the  hands  of  the  Engineering  Maga::ine.  if  such  arrangements  can  be  made 
with  that  journal  as  will  ensure  to  the  profession  the  publication  of  an 
annual  index  summary,  with  a  re-compilation,  say  every  five  years.  If  this 
cannot,  under  the  present  arrangement,  be  secured,  the  question  should  be 
carefully  considered  by  the  board  and  the  publication  resumed  by  the 
Association  in  a  manner  that  will  be  satisfactory  to  the  profession. 
Respectfully  submitted, 

S.  E.  TiNKHAM,  Chairman. 


Animal  ReiMut  of  the  Secretary  of  the  Board  of  Managers. 


Philadelphia,  December  31,  1896. 
Mr.  .S.  E.  Tinkham.  CImirnian. 

65  City  Hall,  Boston,  Mass. 

De.ar  Sir: — I  have  the  honor  to  present  the  following  report  upon  the 
operations  of  the  Secretary's  office  during  the  year  1896,  and  of  the  condi- 
tion of  the  Association  at  the  present  time. 

The  abandonment  of  the  publication  of  the  Association's  extremely 
valuable  "Index  to  Engineering  Literature"  has  had,  for  its  immediate  re- 
sult, a  notable  improvement  in  the  financial  standing  of  the  Association, 
the  excess  of  assets  over  lial)ilitics  having  increased  from  $223.93  ^t  the 
close  of  1895,  to  $1,244.94  at  the  close  of  1896. 

It  may  well  be  questioned,  however,  whether  this  gain  is  altogether  a 
matter  for  congratulation.  The  abandonment  of  the  index  necessarily  re- 
duces the  value  of  the  Journal,  not  only  to  subscribers  and  other  readers, 
but  also  to  advertisers,  and  it  may  thus  result  in  some  loss  which  will,  to 
some  extent  at  least,  ofifset  the  gain  now  shown  by  the  books. 
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Notliiiig  worthy  of  the  name  of  an  index  to  current  literature  has  been 
given  to  the  profession  as  a  compensation  for  tlie  loss  of  the  index  hereto- 
fore published  by  the  Association  in  its  Journal,  and  the  engineering  litera- 
ture of  1896  is  without  an  index. 

By  reason  of  the  withdrawal  of  the  Western  Society  of  Engineers  at  the 
close  of  1895,  and  the  disbanding  of  the  Engineers'  Club  of  Kansas  City 
during  1896,  the  /\ssociation,  at  this  date,  embraces  but  nine  societies,  with 
a  total  membership  of  1,106,  as  against  eleven,  with  a  total  of  1,477.  'it  this 
time  last  year,  but  the  Detroit  Engineering  Society,  with  a  mailing  list  of 
87  names,  has  voted  to  join  the  Association  and  will  undoubtedly  become  a 
member  early  in  1897. 

The  list  of  subscribers  shows  a  gratifying  increase  during  1896. 

It  is  much  to  be  hoped  that  the  societies  will  take  early  and  efficient 
action  in  the  matter  of  securing  from  their  members  advertisements  for  the 
Journal.  The  present  rule  of  the  Association  is  to  allow  the  societies  50 
per  cent,  of  the  cost  of  advertisements. 

Apart  from  the  business  advantage  of  the  advertisement,  the  societies 
can  thus  secure  what  amounts  practically  to  a  material  reduction  in  their 
assessments,  and  those  of  their  members  who  are  in  jjosition  to  profit  by 
such  advertising  can,  in  this  way,  aid  their  respective  societies  at  the  same 
time  that  they  are  forwarding  their  own  business  interests. 

The  total  number  of  pages  of  papers  in  the  Journal  for  1895,  exclusive 
of  those  contributed  by  the  Western  Society  of  Engineers,  was  626.  The 
year  just  past,  with  its  490  pages,  shows,  therefore,  a  reduction  of  136  pages 
in  the  volume  of  papers  submitted  by  the  remaining  societies,  a  reduction 
due,  no  doubt,  to  the  continuance  of  the  Inisiness  depression  of  the  last  few 
years. 

The  increase  of  60  cents  (from  $3.99  to  $4.59)  in  the  cost  per  page  of  the 
Journal,  is  easily  explained  by  the  reduction  in  the  number  of  pages,  the 
total  cost  necessarily  decreasing  in  much  less  proportion. 

The  following  statistical  appendices  are  submitted  :^ — 

Appendix  A.     Statement  of  receipts  and  expenditures  during   1896. 

Appendix  B.     Estimate  of  assets  and  liabilities  at  the  close  of  1896. 

Appendix  C.     Detailed  statement  of  cost  of  Journal  during  1896. 

Appendix  D.  Comparison  of  mailing  lists  of  the  Journal,  at  the  close 
of  1895  and  of  1896,  respectively. 

Appendix  E.     Statement  of  material  in  Journal  during  1896.  by  pages. 

Appendix  F.  Comparison  between  operations  and  conditions  during 
1895  and  1896.  Very  respectfully  yours, 

John  C.  Trautvvinl.  Jr.,  Secretary. 

APPENDIX  A. 

Statement  of  Receipts  and  Expenditures  During  1896. 

CASH,  1896. 

Dr. 

To  Balance,  January  i,  1896 $268  73 

"  Assessments: 

Boston  Society  of  Civil  Engineers $1,509  00 

Western   Society  of  Engineers 35  50 

Civil   Engineers'   Club  of  Cleveland....        508  50 
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Engineers'  Club  of  St.  Louis $523  50 

Civil  Engineers'  Society  of  St.  Paul...        105  75 

Engineers'   Club  of  Minneapolis 113  28 

Civil  Engineers'  Club  of  Kansas  City..        115  00 

Montana  Society  of  Civil  Engineers...        142  50 

Denver  Society  of  Civil   Engineers....  80  25 

Association  of  Engineers  of  Virginia...  63  00 

Technical  Society  of  the  Pacific  Coast.        372  25 

3.568  53 

To  Subscriptions 594  34 

'■  Sales   of  Journals 266  71 

"       "        "      Descriptive    Index 10224 

'■  Advertisements    858  00 

"  Sales  of  Reprints 194  75 

"  Sales  of  Periodicals 30  00 

"  Electros  ordered  by  Western  Society 13  50 

"           "            "            "    "Fire  and   Water"...  4  50 

"  25  copies  Boston  mailing  list i  75 

'■  Linotype    metal    returned 54  74 

"  Interest  on  Deposits 7  40 

$5,965  19 

Cr. 

By  Edward  Stern  &  Co.,  Incorporated  (Printers) $2,945  70 

'■    Illustrations  816  07 

'■    Secretary's   salary 600  00 

"    Linotype  composition,   1S95 15  43 

"    Index  compilation 175  00 

'■    Carfares i  10 

"    Mimeographing,  etc 10  97 

"    Discounts  on  subscriptions 20  20 

"           "    sales   II  70 

"    Commissions  on  advertisements 94  75 

"    Messenger  service 3  08 

'■    Stationery   3  57 

'■    Telegrams    i  42 

"    Postage  stamps , 27  02 

"    20  copies  of  Index  bought 30  00 

"    Express  and  freight  charges 5  25 

"    Postage  refunded 50 

"    Furniture   41  71 

"    Amount  refunded 7  72 

"    Stacking  Journals  in  cellar 6  00 

"    Binding  Vols.  II-XIII,  inclusive 12  00 

"    Sundries   16  65 

$4,845  85 

'■    Cash  balance,  December  31,  1896 $1,119  34 
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APPENDIX  B. 

Estimate  of  Assets  and  Liabilities  at  the  Close  of  1896. 

available  assets. 


Cash  balance,  December  31,  1896 $1,119  34 

Less  subscriptions  for  1897,  paid  during  1896 51  00 


$1,068  34 


Amounts  receivable  from  Societies  (for  assessments,  etc.): 
Civil  Engineers'  Club  of  Kansas  City. .        $79  01 
Montana  Society  of  Civil  Engineers...        105  75 
Association  of  Engineers  of  Virginia...  63  00 

Technical  Society  of  the  Pacific  Coast.        232  25 


$480  01 


Subscriptions  due: 

For   1896 108  00 

"       1895  21  00 

"       1894  and  earlier 36  00 

For  Reprints 

"     Advertisements  

"     Sales  of  Journals 

"        "        "  Index  

"     Copyright  fee 


$i6s 

00 

16 

75 

170 

00 

12 

70 

6 

00 

I 

.00 

$851  46 

$1,919  80 


LIABILITIES. 

Edward  Stern  &  Co.,  Incorporated  (Printers) : 

Ledger  balance $174  93 

For  December  Journal 266  81 

"     Reprints,  etc 1 12  29 

$554  03 

Am't  to  be  refunded  to  purchasers  of  Indexes  4  00 

Electro-Tint  Engraving  Co 56  18 

Westcott  &  Thomson   (Electrotypers) 3  15 

Engineers'  Club  of  St.  Louis 9  50 

Share  of  Western  Society  of  Engineers  in  sur- 
plus of  Association  of  Engineering  Societies 

at  close  of  1895 23  00 

Share  of  Engineers'  Club  of  Kansas  City  in 
surplus  of  Association  of  Engineering  Soci- 
eties at  close  of  1896 25  00 


$674  86 
Excess  of  Assets  over  Liabilities $1,244  94 
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APPENDIX  D. 
Comparison  of  the  mailing  lists  of  the  Journal,  at  the  close  of  1895  and 
of  1896,  respectively: 

1895.  1896. 

Boston  Society  of  Civil  Engineers 390  431 

Western  Society  of  Engineers 401 

Civil  Engineers'  Club  of  Cleveland 139  175 

Engineers'  Club  of  St.  Louis 170  167 

Civil  Engineers'  Society  of  St.   Paul 32  35 

Engineers'  Club  of  Minneapolis 25  12 

Engineers'  Club  of  Kansas  City 22 

Montana  Society  of  Civil  Engineers 64  d"] 

Technical  Society  of  the  Pacific  Coast 168  149 

Denver  Society  of  Civil  Engineers 28  28 

Association  of  Engineers  of  Virginia 38  42 

1477  I 106 
Extra  copies  to  members  of  the  Board  of  Managers,  five 

each  80  80 

Advertisers   23  23 

Exchanges   122  108 

Subscribers   215  241 

Complimentary  copies 18  14 

Besides  this,  many  copies  have  been  sold  and  specimen  copies  sent  out; 
and  authors  of  papers  have  each  received  five  copies  of  the  Journals  con- 
taining them.     Two  thousand  copies  of  each  number  have  been  printed. 

APPENDIX  E. 
Statement  of  material  in  Journal  during  1896,  by  pages. 


January 

February  ... 

March 

April 

May 

June 

July 

August 

September 

October 

November.. 
December .. 


Papers. 


Totals 

Covers. 


56 


490 


Pr'c'd- 
ings. 


^^^^}-    Adver-  Ind'xes 
R"porl^t-"-'t^-*°Vols 


16 


Totals. 


Cuts. 


82 

I 

42 

0 

66 

3 

68 

4 

62 

3 

124 

4 

84 

4 

30 

I 

60 

3 

50 

26 

50 

1 

90 

12 

62 


Plates  and  full- 
page  cuts. 


56 


856 


APPENDIX  F. 
Comparison  between  operations  and  conditions  during  1895  and  1896: 

1895.  1896. 

Excess  of  assets  over  liabilities,  December  31 $223  93         $1,244  94 

Number  of  Societies  in  Association,  December  31..  11  9 
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Number  of  names   on   mailing  lists   of   Societies   in 

Association 1.477  1.106 

Number  of  subscribers 215  241 

Annual  receipts  from  subscribers,  (a   $3.00 $645  00  $723  00 

Number  of  advertisers 23  20 

Annual   receipts   from   advertisers $679  84  $858  00 

Total  pages  in  Jourxai 1,482  856 

"       of  papers 792  490 

cost  of  Journal $5,911  48  $3.9^8  42 

Cost   per   page $3  99  $4  59 

Average  number  of  copies  issued  monthly 2,383  2,042 

Number  of  small  cuts 116  62 

"         "    plates  and  full-page  cuts 66  56 

Cost  of  illustrations $859  60  $771  39 


Editors  reprinting  articles  from  this  journal  are  requested  to  credit  both 
the  Journal  and  the  Society  before  which  such  articles  were  read. 


Association 

OF 

Engineering   Societies. 


Organized    1881. 


Vol.  XVIII.  FEBRUARY.     1897.  No.  2. 

This  .^ssociation  is  not  responsible  for  the  svibject-matter  contributed  by  any  Society  or 
for  the  statements  or  opinions  of  members  of  the  Societies. 


ENGINEERING  COMPENSATION. 


By  M.  S.  Parker,  Member  of  the  Engineers'  Club  of  St.  Louis. 

[Address  at  the  Tenth  Annual  Meeting  of  the  Montana  Society  of  Civil 
Engineers,  held  at  Great  Falls,  Montana,  January  9,  1897.*] 

How  seldom  does  the  old  and  experienced  civil  engineer  ad- 
vise the  yoinig  man  about  to  begin  his  career  in  life  to  adopt  the 
profession  of  civil  engineering!  To  his  brother  engineers  the 
reason  is  obvious.  The  practice  of  the  profession  does  not  offcr 
pecuniary  inducements  commensurate  with  the  study,  hard  work, 
and  experience  necessary  to  possess  the  title  C.  E.  in  its  fullest 
meaning. 

The  preliminary  education  necessary  for  the  civil  engineer  is 
not  less  than  that  required  for  any  other  professional  calling,  and 
the  subsequent  training  is  as  exacting  in  its  requirements. 

The  civil  engineer,  ripe  in  experience,  has  passed  through  an 
ordeal  of  preparation  that  should  entitle  him  to  the  highest  con- 
sideration among  the  professions  and  a  proper  remuneration  for 
his  services.  Alas,  how  seldom  is  this  the  reward  for  valuable  serv- 
ice rendered!  The  maximum,  compensation  for  engineering 
services  is  at  best  meagre  when  compared  with  the  compensation 
for  other  professional  service.  The  railways  of  the  world  have 
given  employment  to  a  large  majority  of  the  civil  engineers  during 
the  past  fifty  years.  There  is  probably  no  class  of  professional  men 
who  have  rendered  more  valuable  service  to  the  world  at  large 
than  the  civil  engineers  employed  in  building  the  railroads,  and 


*Manuscript  received  February  15,  1897. —  Secretary,  Ass'n  of  Eng.  Socs. 
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probably  no  class  of  men  who  have  received  less  compensation 
for  services  rendered.  The  same  amount  of  time,  energy,  and 
hard  work  expended  in  any  other  direction  would  bring  to  this 
class  of  men  their  well-earned  reward. 

How  contrary  is  the  experience  of  those  employed  in  this  great 
work  of  civilization !  The  compensation  for  such  services  is  barely 
sufficient,  with  proper  economy,  to  support  a  man  with  a  family 
from  month  to  month.  Should  disability  or  loss  of  position  occur, 
there  is  no  bank  account  possible  to  tide  over  any  considerable  loss 
of  time.  The  engineer  engaged  in  this  line  of  employment  loses 
touch  with  other  branches  of  his  profession.  His  main  reliance  is 
on  railroad  work.  This  means  imsteady  employment.  The  result 
is  well  known  to  engineers. 

The  plums  are  very  scattering  in  the  pudding.  Permanent 
positions  are  few  as  compared  with  the  transient  positions.  The 
ever-to-be-feared  order  for  reduction  of  expenses  is  a  constant 
menace  to  the  quasi-permanent  employed  engineer,  and  makes  his 
tenure  of  office  very  uncertain. 

The  architect,  the  near  relative  of  the  engineer,  receives  his 
compensation  according  to  the  magnitude  of  his  work.  The  larger 
the  sum  of  money  to  be  expended  under  his  direction,  the  larger 
the  amount  of  his  corpmission  for  services. 

The  lawyer  receives  fees  according  to  the  magnitude  or  im- 
portance of  his  case,  and  leads  all  professions  in  the  matter  of 
compensation  for  services  rendered.  The  physician  is  rewarded 
for  professional  services  according  to  his  ability  and  experience. 
The  physician  having  climbed  the  ladder  of  successful  practice  has 
no  limit  to  his  charges  except  his  tender  conscience.  Running 
through  the  list  of  professions  open  to  the  young  man,  we  find,  for 
pecuniary  success,  the  profession  of  civil  engineering  offering  the 
least  inducement  of  them  all.  For  immediate  results  possibly  the 
engineering  profession  is  the  leading  one.  The  young  graduate 
engineer  secures  almost  immediately  in  times  of  prosperity  a  posi- 
tion that  might  be  the  envy  of  his  fellow-student  in  some  other 
profession,  both  for  its  responsibility  and  the  accompanying  pe- 
cuniary reward,  but  here  such  envy  should  cease. 

I^et  us  look  ahead  ten  years.  Should  the  young  engineer  have 
cast  his  lot  among  railway  builders,  he  has  acquired  ten  years  of 
valuable  experience  in  this  line  of  work — knowledge  that  cannot 
be  obtained  except  by  such  experience.  His  services  have  become 
more  valuable  to  his  employer,  but  his  salary  has  not  increased 
with  his  usefulness.  The  dillfcrence  in  compensation  between  the 
first  position  secured  and  the  position  after  ten  years  is  not  ma- 
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terial,  and  we  may  add  another  ten  years,  and  the  difference  is  less 
proportionate. 

One  instance  will  illustrate  this.  A  company  proposes  to 
build  a  railroad.  An  engineer  is  selected  to  locate  the  road.  This 
selection  is  made  with  regard  to  the  ability  and  experience  of  the 
engineer.  The  expenditure  of  millions  of  dollars  is  placed  under 
his  direction,  relying  on  his  ability  and  judgment  to  make  the  best 
selection  as  to  location  and  the  most  economical  expenditure  of 
the  money.  The  large  expenditure  is  left  almost  entirely  to  his 
judgment,  the  projectors  of  such  enterprises,  as  a  rule,  having  little 
knowledge  about  such  matters.  His  immediate  superior  is  a  chief 
engineer,  whose  duties  are  more  of  an  executive  and  advisory 
nature.  It  may  be  said  that  the  engineer  in  the  field  is  the  sole 
responsible  person  for  the  economic  location  and  construction  of  a 
railroad.  This  engineer,  having  the  expenditure  of  millions  of 
dollars  under  his  direction,  has  a  great  responsibility  resting  upon 
him,  as  all  must  admit.  Mistakes  in  judgment  can  cost  his  em- 
ployers large  sums  of  money.  The  engineer  who  by  education, 
experience,  and  ability  is  fitted  to  take  this  responsibility  upon 
himself  receives  the  munificent  monthly  compensation  of  possibly 
$200,  seldom  much  more,  and  often  less.  This  compensation  for 
transient  monthly  service,  his  tenure  of  employment  expiring  with 
the  completion  of  the  work.  In  what  other  line  of  professional 
employment  can  be  found  a  greater  responsibility  with  so  little 
pecuniary  compensation?  Americans  are  led  to  believe  that  they 
are  the  best-paid  people  in  the  world,  and  in  most  instances  this 
is  true.  As  applied  to  civil  engineers,  however,  the  statement  is 
incorrect.  In  England  the  compensation  for  engineering  services 
is  far  above  the  standard  of  the  United  States,  and  ranks  the  pro- 
fession nearer  on  an  equality  with  the  other  recognized  professions. 
Wherein  lies  this  poor  appreciation  of  the  services  of  the  civil 
engineer  in  this  country? 

The  author  is  led  to  believe  it  lies  wholly  with  the  members  of 
the  profession  themselves.  The  tendency  has  been  to  depreciate 
the  pecuniary  value  of  their  services.  The  present  system  of  com- 
petitive bids  for  engineering  service  is  one  of  the  depreciatory 
measures  in  existence,  and  is  very  detrimental  to  the  prosperity  of 
the  engineering  profession,  very  demoralizing  in  its  effects  upon 
legitimate  compensation.  Such  methods  of  obtaining  professional 
service  should  be  completely  ignored  by  engineers  as  being  unpro- 
fessional and  beneath  their  dignity.  An  individual  or  corporation 
does  not  ask  for  bids  for  legal  services.  The  individual  in  need  of 
a  surgical  operation  does  not  ask  bids  from  surgeons  to  perform 
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the  operation,  neither  does  the  head  of  a  famih-  ask  for  bids  for 
medical  attendance  of  his  family  for  a  period  of  time.  How  manv 
reputable  attorneys  or  physicians  would  so  lower  their  professional 
standing  as  to  enter  into  an}^  such  competition?  Yet  this  is  a 
growing  practice  in  this  country  in  acquiring  engineering  service. 
It  is  not  difficult  to  comprehend  where  the  encouragement  of  this 
practice  will  lead  the  engineering  profession. 

One  instance  that  the  author  has  in  mind  of  the  many  that 
have  come  to  his  attention  will  serve  to  illustrate  this  practice.  A 
Southern  city  desired  to  make  extensive  municipal  improvements, 
establish  a  sewerage  system,  grades  of  streets  and  pavements, 
the  entire  improvement  involving  the  expenditure  of  about  four 
hundred  thousand  dollars.  The  city  fathers  had  appropriated 
$15,000  for  engineering  expenses,  including  superintendence — a 
reasonable  amount  for  the  services  expected.  They  then  asked 
for  bids  for  plans,  specifications,  and  superintendence  of  the  work 
projected.  The  Board  of  Public  Works  desired  to  engage  a  cer- 
tain engineer  of  long  experience  and  high  standing  to  do  the 
work,  but  under  the  resolution  of  the  City  Councils  bids  must  be 
submitted  for  the  required  service.  The  engineer  the  choice  of 
the  board  submitted  a  proposition,  but  not  in  the  nature  of  a  com- 
petitive bid — merely  a  reasonable  ofifer  for  his  services.  What  was 
the  surprise  of  members  of  the  board  and  the  engineer  selected  on 
opening  the  bids  to  find  offers  from  engineers  who  are  recognized 
as  authority  upon  such  matters  proposing  to  do  the  work  for  about 
one-half  of  one  per  cent,  of  the  proposed  expenditure,  and  about 
one-third  of  the  sum  proposed  by  the  engineer  chosen  by  the 
board.  The  bid  accepted  for  the  entire  work  was  $2,200.  This 
bid  was  from  a  prominent  and  well-known  civil  engineer  of  New 
York.  There  was  such  a  gulf  of  difiference  between  the  lowest 
bid  and  the  proposition  of  the  engineer  selected  that,  in  the  face 
of  public  opinion,  the  contract  had  to  be  awarded  to  the  lowest 
bidder — a  very  erroneous  practice  in  vogue  among  municipal  cor- 
porations, as  the  sequel  often  proves. 

Such  methods  of  practice  cannot  be  too  severely  condemned 
by  the  civil  engineering  profession.  They  lead  to  careless  and 
inefficient  work,  and  thus  bring  discredit  upon  the  profession. 
What  standing  can  be  expected  by'  the  profession  at  large  when  its 
leading  members  so  lower  their  professional  dignit}'?  Does  it 
not  place  the  profession  on  a  par  with  a  commercial  body?  There 
should  be  a  code  of  professional  ethics  among  civil  engineers  that 
would  not  tolerate  such  practice.  Such  practice  should  be 
stamped  out  in  its  infancy.     To  encourage  it  means  the  degen- 
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eration  of  the  profession  in  the  future.  If  executive  abiHty,  com- 
bined with  knowledge  of  the  science  of  civil  engineering",  is  not  to 
be  appreciated  in  the  engineer,  why  devote  his  life  to  it,  when  other 
avenues  of  life  are  open  to  him  in  which  he  may  find  honor  and 
proper  compensation  for  the  faithful  performance  of  his  duties? 
There  comes  a  time  in  the  lives  of  all  men  when  work  is  impos- 
sible. It  is  the  duty  of  every  man  to  provide  against  such  time. 
Should  the  civil  engineer  be  obliged  to  work  his  life  through  for 
the  bare  privilege  of  living  from  day  to  day,  knowing  that  when 
health  or  strength  fail  him  he  is  to  become  an  object  of  charity? 
How  many  engineers  recognize  this  fact  as  they  advance  in  years, 
and  seek  to  better  their  future  financial  condition  by  engaging  in 
other  more  remunerative  occupations?  This  is  not  done  from 
choice,  as  the  civil  engineer  loves  his  profession,  but  as  a  matter 
of  necessity  to  provide  against  future  want.  This  is  a  sad  com- 
mentary upon  the  profession  in  this  country;  still,  it  is  true.  The 
poverty  of  engineers  is  proverbial.  Is  it  strange  that  the  old  en- 
gineer advises  the  yoimg  man  to  avoid  the  profession  and  cast  his 
lot  in  some  other  vocation? 

The  profession  of  civil  engineering  is  as  old  as  history.  It  is 
one  of  the  most  honorable  and  noble  of  callings.  Its  members 
have  rendered  invaluable  service  to  mankind,  and  stand  upon  the 
roll  of  honor  of  the  world's  greatest  benefactors,  and  it  is  greatly 
to  be  regretted  that  so  noble  a  vocation  should  be  so  poorly  re- 
warded in  this  world's  goods. 

It  is  not  within  the  limits  of  these  few  remarks  to  go  very  far 
mto  this  subject.  The  facts  stated  are  familiar  to  engineers,  and 
need  no  comment  of  mine  to  impress  them  upon  their  attention. 

It  is  not  my  purpose  to  pose  as  reformer,  simply  to  call  atten- 
tion to  a  few  known  facts,  in  the  hope,  at  least,  that  the  members 
of  the  Montana  Society  of  Civil  Engineers  will  do  all  in  their  power 
among  themselves  to  raise  the  standard  of  professional  honor. 
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TIIIJOKill    THE    l»\SSES   FROM   THE  MIS- 
SISSIPPI   RIVER   TO   THE  GULF  OF 
MEXICO. 


V>y  T.  A.  0(  KKKsoN,  Member  of  the  Engineers'  Club  of  St.  Louls. 


[Read  before  the  Club,  January  20,  1897.*] 

The  waters  of  the  Alississippi  River,  on  their  way  to  the  sea, 
traverse  a  distance  of  1,183  niiles  from  St.  Louis  to  the  Head  of  the 
Passes.  Here  the  river  divides  into  three  main  passes,  viz :  South- 
west Pass,  South  Pass,  and  Pass  a  Loutre.  The  latter  branches 
out  into  Southeast  Pass,  Northeast  Pass,  and  Pass  a  Loutre 
proper,  through  which  the  waters  reach  the  Gulf.  The  Gulf  end  of 
the  delta  thus  formed  covers  a  width  of  about  40  miles. 

The  mouths  of  all  these  passes  are  obstructed  by  bars  formed 
by  the  deposit  of  sediment  brought  down  by  the  river  and  dropped 
wliere  the  slackwater  of  the  Gulf  is  met.  The  amount  of  this  de- 
posit is  in  a  measure  proportional  to  the  amount  of  water  carried 
by  the  pass. 

The  first  definite  account  of  the  character  of  the  several  passes 
is  to  be  found  in  the  report  of  Captain  Talcott,  made  in  1839. 
Southwest  Pass  at  that  time  was  reported  as  being  15.2  miles  long. 
Its  width  at  the  head  was  2,800  feet,  and  narrowed  down  to  1,200 
feet,  and  again  widened  out  at  the  mouth  to  9,436  feet.  The  depth 
of  water  at  the  head  was  48  feet,  the  greatest  depth  in  the  pass  was 
102  feet,  and  the  average  depth  7o  feet.  The  depth  over  the  crest 
of  the  bar  at  low  water  was  13  feet.  The  velocity  of  the  current 
was  4.8  feet  per  second,  and  the  discharge  was  342,692  cubic  feet 
per  second,  or  40  per  cent,  of  the  total  volume  of  the  river.  In 
1874  this  pass  was  reported  as  18  miles  long  and,  on  an  average, 
1,400  feet  wide,  with  a  least  depth  of  15  feet  on  the  crest  of  the  bar. 
The  distance  between  the  30-foot  contour  in  the  pass  and  the  same 
contour  in  the  Gulf  was  23,000  feet. 

in  1894  the  discharge  was  found  to  be  311,174  cubic  feet  per 
second,  with  a  velocity  of  4.2  feet  per  second.  This  is  42  per  cent. 
of  the  whole  volume  of  the  river. 

South  Pass,  in  1838,  was  reported  as  11.3  miles  long.  The 
width  at  the  head  was  2,400  feet.  It  narrowed  rapidly  down  to  a 
width  of  700  feet,  which  was  about  the  average  down  to  a  point 
near  the  Gulf,  where  it  again  widened  to  3.200  feet  at  the  extremity 
of  the  land.    The  depth  over  the  bar  at  the  head  of  the  pass  was  19 
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feet,  and  the  maximum  depth  in  the  pass  was  53  feet,  with  8  feet  on 
the  crest  of  the  bar  at  the  mouth  of  the  pass.  The  velocity  was  3.3 
feet  per  second,  and  the  discharge  80,761  cubic  feet  per  second,  or 
10  per  cent,  of  the  total  volume  of  the  river.  The  banks  were  re- 
ported as  being  firmer  and  higher,  and  the  trees  of  older  growth, 
than  in  the  Southwest  Pass,  thus  indicating  an  older  formation. 
In  1874  this  pass  was  a  little  over  11  miles  long,  with  an  average 
width  of  about  750  feet.  The  maximum  depth  was  55  feet,  and  the 
distance  between  the  30-foot  curve  in  the  pass  and  the  same  curve 
in  the  Gulf  was  about  11,900  feet,  with  a  least  depth  on  the  crest  of 
the  bar  of  7  feet. 

The  discharge  was  reported  as  57,000  cubic  feet  per  second, 
and  it  was  estimated  that  it  carried  22  million  cubic  yards  of  sedi- 
ment annually.  The  discharge  in  1894  was  found  to  be  55,198 
cubic  feet  per  second,  with  a  velocity  of  3.1  feet  per  second.  This 
is  7  per  cent,  of  the  whole  volume  of  the  river. 

Pass  a  Loutre  runs  in  a  northeasterly  direction,  and  reaches 
the  Gulf  about  15  miles  from  the  head  of  the  passes.  In  1874  it 
averaged  about  1,700  feet  in  width,  the  distance  between  the 
30-foot  contours  at  the  mouth  being  about  20,500  feet.  In  this 
length  there  was  a  pool  over  30  feet  deep  for  a  length  of  about 
3,000  feet,  which  reduces  the  length  of  the  bar  to  17,500  feet.  The 
least  depth  on  the  crest  of  the  bar  was  9  feet.  The  velocity  meas- 
ured for  this  pass  in  1838  was  3.9  feet  per  second,  with  a  discharge 
of  467,571  cubic  feet  per  second,  or  50  per  cent,  of  the  total  volume 
of  the  river.  At  the  bar  of  the  Pass  a  Loutre  the  discharge 
amounted  to  170,527  cubic  feet  per  second.  The  discharge  of  solid 
matter  per  annum  was  found  to  be  53,000,000  cubic  yards. 

The  discharge  of  this  pass  in  1894  was  376,889  cubic  feet  per 
second,  with  a  velocity  of  4.2  feet  per  second.  This  is  51  per  cent, 
of  the  whole  volume  of  discharge. 

Up  to  1875,  when  it  was  seriously  obstructed  by  mud  lumps, 
Pass  a  Loutre  was  regarded  as  the  most  favorable  pass  for  improve- 
ment, on  account  of  its  direction,  which  shortened  the  distance  to 
Eastern  ports  some  40  miles,  and  on  account  of  the  bar  being 
shorter  and  the  entrance  during  storms  being  easier  and  safer. 

Cubits  Gap  was  made  in  1862  by  sailors,  who  cut  a  ditch  to 
enable  them  to  reach  the  fishing  grounds  in  the  Gulf.  It  is  a  pass 
of  no  mean  dimensions.  It  is  situated  about  3^  miles  above  the 
Head  of  Passes,  and  it  possesses  one  merit  not  found  in  the  other 
passes:  It  is  well  above  the  wide  shoal  which  covers  the  entrance 
to  the  passes.  The  width  at  the  river  is  3,000  feet,  and  the  distance 
from  deep  water  in  the  river  to  the  30-foot  curve  in  the  Gulf  is 
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about  8  miles.  The  maximum  depth  at  the  entrance  is  73  feet,  but 
it  shoals  in  a  distance  of  half  a  mile  to  13  feet,  and  this  depth  is 
about  the  average  for  a  distance  of  4  miles,  when  it  grows  grad- 
ually deeper.  It  will  be  observed  that  the  distance  from  the  main 
river  to  the  deep  water  in  the  Gulf  is  very  much  shorter  than  in  any 
of  the  other  passes,  although  the  bar  is  considerably  longer.  The 
entrance  is  as  well  protected  from  storms  as  the  other  passes,  and 
it  is  also  more  directly  in  line  with  the  great  bulk  of  traf^c. 

Work  has  been  done  at  the  mouths  of  all  the  main  passes  for 
the  purpose  of  increasing  the  depth  of  water  over  the  bars.  The 
first  appropriation  for  improvement  work  was  made  in  1836,  and 
amounted  to  $75,000,  and  it  was  followed  in  1837  by  another  ap- 
propriation of  $120,000.  An  elaborate  survey  was  made  of  all  the 
passes  by  Captain  A.  Talcott  in  1838.  A  plan  of  deepening  the 
channel  by  dredging  with  buckets  was  recommended,  and  the  work 
was  carried  on  with  indifferent  success  until  the  appropriation  was 
exhausted.  No  further  work  was  done  until  1852,  when  $75,000 
was  allotted  to  deepen  the  channel  of  Southwest  Pass  by  stirring 
up  the  bottom.  The  contractor  succeeded  in  securing  a  depth  of 
18  feet  over  the  crest  of  the  bar.  This  depth  seems  to  have  been 
ample  for  the  shipping  of  that  time.  The  Board  of  Engineers  ap- 
pointed to  prepare  plans  for  this  work  recommended  several  alter- 
natives in  case  the  stirring  process  failed,  one  being  parallel  jetties 
at  Southwest  Pass  5  miles  in  length  and  14  feet  wide,  with  piling 
2  feet  apart.  In  case  all  schemes  to  deepen  the  pass  failed,  then 
they  recommended  a  ship  canal  at  some  suitable  point  above  the 
Head  of  Passes.    • 

The  next  appropriation  was  made  in  1856,  and  amounted  to 
$330,000,  and  a  five-year  contract  was  let  to  open  20-foot  channels 
in  Pass  a  Loutre  and  Southwest  Pass,  and  maintain  the  same  dur- 
ing the  period  covered  by  the  contract.  The  plan  of  the  con- 
tractors, Craig  &  Rightor,  was  to  close  the  minor  by-passes  and 
build  parallel  or  converging  jetties  at  the  Gulf  end  of  the  passes. 
Other  bidders  had  proposed  to  open  the  channels  by  various  stir- 
ring devices.  A  jetty  about  a  mile  long  (5,735  feet),  consisting 
of  a  single  row  of  sheet  piling  supported  at  intervals  with  piles,  was 
built  from  the  extreme  point  of  land  on  the  east  side  of  Southwest 
Pass  out  into  the  Gulf.  This  work  was  soon  partially  destroyed 
by  storms,  and  was  finally  abandoned.  Harrows  and  scrapers, 
aided  in  places  by  bucket  dredges  and  blasting  away  the  mud 
lumps,  were  then  resorted  to,  and  by  the  fall  of  1858  an  18-foot 
channel  was  secured  in  both  passes.  An  18-foot  channel  was  se- 
cured in  Pass  a  Loutre  after  one  month's  work,  the  result  being 
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credited  to  a  free  use  of  torpedoes,  consisting  of  some  8.000  pounds 
of  powder  deposited  on  the  surface  of  the  bar  in  tin  canisters. 

As  long'  as  the  stirring-up  process  continued  the  depth  was 
maintained,  but  the  contractors  found  the  work  more  expensive 
than  they  had  anticipated,  and  gave  it  up.  In  1859  the  propeller 
Enoch  Train,  provided  with  two  screws  and  w^ater  ballast,  by 
means  of  which  the  draught  could  be  changed,  was  tried  at  South- 
west Pass,  but  proved  to  be  too  frail  for  the  work.  Scrapers  were 
also  used,  with  no  better  success.  The  work  again  reverted  to  the 
Engineer  Corps,  who  continued  the  harrows  and  scrapers  and 
succeeded  in  keeping  a  channel  open  for  a  period  of  one  year  at 
a  cost  of  $60,000. 

The  next  appropriation  was  made  in  1866,  and  amounted  to 
$75,000.  A  contract  was  let  to  keep  Southwest  Pass  open  to  a 
depth  of  18  feet,  200  feet  wide,  but  the  boat  and  machinery  pro- 
vided for  the  work  proved  inadequate,  and  the  contract  was  an- 
nulled without  anything  being  accomplished.  Early  in  the  fol- 
lowing year  an  appropriation  of  $200,000  was  made  for  improving 
the  mouth  of  the  Mississippi.  A  steam  dredge  boat,  the  Essayons, 
especially  adapted  to  excavating  and  stirring  up  the  bottom  by 
means  of  screws  and  scrapers,  was  designed  and  built  at  the  At- 
lantic Works,  of  Boston.  This  boat  began  work  on  Pass  a  Loutre 
bar  in  July,  1868,  and  succeeded  in  increasing  the  channel  depth 
from  1 1 -J  to  17^  feet.  Considerable  delay  was  caused  by  breaking 
the  machinery,  especially  the  blades  of  the  excavating  or  propeller 
screw,  which  were  frequently  disabled.  These  defects  were  reme- 
died by  placing  a  plow  in  front  of  the  screw  to  protect  it,  and  the 
attachment  of  a  scraper  18  feet  long  and  10  feet  high,  which  could 
be  lowered  in  front  of  the  plow.  A  mud  keel  was  also  provided 
for  the  purpose  of  keeping  the  vessel  straight  on  her  course  when 
at  work.  The  scraper  partially  enclosed  the  screw  so  as  to  give 
an  upward  tendency  to  the  material  stirred  up  by  the  screw.  In 
connection  with  this  dredge,  torpedoes  were  used  to  blow  up  the 
mud  lumps,  but  they  were  utter  failures.  These  torpedoes  con- 
sisted of  60  pounds  of  blasting  powder  encased  in  an  iron  tube  and 
sunk  into  the  mud  lump  about  8  feet  deep. 

The  work  with  the  Essayons  was  so  successful  that  in  1871  it 
was  reported  that  for  several  months  very  few  vessels  had  been 
detained  on  the  bar,  and  that  in  all  previous  years  a  large  fleet  of 
vessels  had  been  detained  for  weeks  and  even  months.  During 
the  following  year  the  dredge  McAlester  was  completed  by  John 
Roach,  of  New  York,  at  a  cost  of  $218,300.  This  was  used  in  con- 
nection with  the  Essayons  in  Southwest  Pass  and  Pass  a  Loutre, 
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and  in  1873  it  was  stated  that  the  natural  obstruction  to  the  cliannel 
in  Southwest  Pass  had  l:)een  removed  by  the  dredt;in|L;-  and  scrapiny- 
system,  and  a  20-foot  channel  had  been  secured. 

In  April,  1875.  the  channel  in  Pass  a  Loutre  was  obliterated 
in  a  few  hours  by  a  large  mud  lump,  which  also  partially  closed 
Northeast  Pass,  and  further  work  here  was  suspended. 

Dredging-  in  Southwest  Pass  was  continued  until  August, 
1877,  when  the  results  at  South  Pass,  where  the  jetties  were  under 
construction,  rendered  further  work  unnecessary. 

It  will  be  observed  that  as  early  as  1856  it  was  regarded  as  im- 
portant to  have  two  improved  entrances.  During  the  period  1837 
to  1878  a  great  number  of  devices  for  removing  the  bars  were  tried, 
and  some  two  and  a  half  millions  of  dollars  were  expended  in  their 
efforts  to  secure  and  maintain  navigable  channels  through  the 
passes.  These  devices  covered  a  wide  range,  as  may  be  seen  in  the 
following  list.  There  were  conical  screws,  screw  propellers,  water 
jets,  scrapers  and  harrows,  dipper  dredges,  wdieel  and  bucket 
dredges,  pile  jetties,  floating  jetties,  and  torpedoes.  There  were 
also  camel  docks  proposed  to  float  vessels  over,  regardless  of 
draught  and  depth  of  water.  All  of  these  failed,  from  one  cause 
or  another,  except  the  combination  propeller  and  scraper  dredges 
Essayons  and  McAlcstcr,  and  even  these  were  not  capable  of  main- 
taining a  depth  of  more  than  18  feet. 

In  the  meantime  the  demand  for  greater  depths  came  with  the 
increase  in  size  of  vessels,  and  it  was  deemed  advisable  to  attempt 
to  construct  permanent  works  which  would  give  ample  depth  at 
all  times  for  the  largest  vessels.  For  this  purpose  a  board,  con- 
sisting of  three  army  engineers,  three  civil  engineers,  and  one  from 
the  Coast  Survey,  was  appointed  in  1874  to  devise  some  plan  for 
securing  the  desired  results.  This  board  visited  Europe  and  ex- 
amined the  works  at  the  mouths  of  the  Vistula,  the  Danube,  the 
Rhone,  the  Rhine,  and  the  Suez  and  North  Sea  canals.  Their 
plans  were  matured  and  report  rendered  in  January,  1875.  The 
board  reconmiended  the  improvement  of  South  Pass  with  parallel 
jetties  about  11,900  feet  long  and  extending  out  over  the  bar  to  30 
feet  of  water,  these  jetties  to  be  constructed  of  brush,  fascines,  and 
stone,  the  top  width  increasing  from  10  feet  near  shore  to  50  feet 
when  30  feet  of  water  was  reached,  with  slopes  varying  from  one 
on  two  to  one  on  four,  according  to  the  depth,  the  tops  to  be 
rounded  and  paved.  Their  estimated  cost  of  such  works,  including 
dikes  at  Head  of  Passes,  was  $5,342,110.  At  this  time  the  distance 
between  30-foot  contours  at  the  mouth  of  the  pass  was  about 
11,900  feet,  vAth  a  minimum  depth  on  the  crest  of  the  bar  of  7  feet. 
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On  the  3cl  of  March,  1875,  an  act  was  passed  authorizing  James 
B.  Eads  and  associates  to  "construct  such  permanent  and  suffi- 
cient jetties  and  such  auxihary  works  as  are  necessary  to  create 
and  permanently  maintain  a  wide  and  deep  channel."  This  channel 
originally  contemplated  a  depth  of  30  feet,  350  feet  wide,  but  this 
was  modified  in  1878  and  1879  to  a  channel  26  feet  deep,  250  feet 
wide,  with  a  central  depth  of  30  feet.  For  this  the  contractor  re- 
ceived $5,250,000,  and  $100,000  per  annum  from  July  8,  1879,  for 
a  period  of  20  years,  for  maintaining  said  channel. 

Including  these  items,  the  total  expended  on  the  improvement 
of  navigation  at  the  mouth  of  the  Mississippi  River  to  date 
amounts  to  about  $9,500,000,  or  an  average  for  60  years,  since  the 
first  appropriation,  of  $158,333  per  year.  The  average  cost  during 
the  past  20  years  has  been  about  $360,000  per  year,  or  about  $150 
for  each  vessel  that  passes  through  the  jetties. 

The  Eads  jetties,  as  they  are  called,  are  built  very  nearly  on 
the  lines  recommended  by  the  Board  of  Engineers.  They  are 
parallel,  and  the  original  lines  were  1,000  feet  apart.  A  second 
pair  of  jetties  were  built  inside  of  the  first  lines  and  800  feet  apart, 
to  contract  the  channel  and  prevent  the  river  water  from  escaping. 
The  channel  was  still  further  narrowed  by  spur  dikes,  so  that  the 
clear  width  now  is  only  600  feet.  This  contraction  was  found  to 
be  necessary  in  order  to  secure  the  required  scour. 

The  old  jetties  were  surmounted  by  a  concrete  wall  5,453  feet 
long,  consisting  of  foundation  blocks  20  feet  long,  4  to  12  feet 
wide,  and  3  to  3-|-  feet  thick.  This  was  capped  by  a  parapet  3  to  4 
feet  wide  and  2^  to  4  feet  high.  It  was  partly  of  rubble  stone  laid 
in  cement  mortar  and  partly  of  concrete.  It  formed  a  perpen- 
dicular wall  5^  to  7^  feet  high,  resting  on  a  base  4  to  12  feet  wide. 

On  October  11,  1886,  a  severe  storm  demolished  the  parapet 
on  the  east  jetty  to  such  an  extent  that  it  was  necessary  to  con- 
struct a  new  one.  This  work  was  begun  in  February,  1889.  The 
new  wall  was  built  on  the  inner  side  of  the  old  wall  and  on  the  old 
mattress,  which  was  supplemented  by  new  mats  where  needed,  and 
then  covered  w'ith  stone  about  2  feet  deep,  laid  as  evenly  as  prac- 
ticable.' This  brought  the  foundation  about  up  to  average  flood- 
tide,  and  on  this  was  constructed  a  concrete  parapet.  The  river 
side  of  this  parapet  is  vertical ;  the  top  width  is  3  to  4  feet,  and  the 
slope  on  the  seaward  side  is  one  on  one.  The  height  averages 
about  3  feet.  The  surface  was  smoothed  up  with  cement  mortar. 
Gibbs'  Portland  and  Alsen's  German  cement  were  used.  The  sand 
and  gravel  came  from  a  point  on  the  river  some  260  miles  above 
the  works.     The  riprap  was  granite  and  hard  limestone.     At  high 
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tide,  when  there  was  a  swash  sea,  burlap  was  laid  over  the  riprap 
to  prevent  the  cement  from  running  through  before  setting.  The 
concrete  was  mixed  on  a  barge  with  a  Cockburn  mixer. 

In  1894  the  new  wall  went  safely  through  one  of  the  most 
violent  storms  that  have  ever  visited  that  locality. 

At  the  present  time  the  inner  end  of  the  east  jetty  is  covered 
with  deposit  for  a  distance  of  about  4,000  feet,  and  the  west  jetty 
is  covered  for  its  entire  length. 

It  has  been  found  necessary  to  resort  to  dredging  at  intervals 
to  secure  the  required  depth  over  the  bar.  During  the  year  ending 
June  30,  1896,  dredging  was  required  for  169  days.  The  channel 
has,  however,  proved  ample  to  satisfy  the  demands  of  commerce, 
and  no  serious  delay  to  vessels  has  occurred  since  it  was  first 
opened. 

While  the  bar  at  the  mouth  of  the  pass  was  the  main  obstruc- 
tion, there  was  another  bar  at  the  head  of  the  pass  with  a  depth  of 
only  17  feet  on  the  crest.  This  necessitated  the  construction  of 
extensive  dikes  at  the  head  of  the  pass  and  a  mattress  sill  across 
both  Southwest  Pass  and  Pass  a  Loutre  for  the  purpose  of  divert- 
ing the  water  into  South  Pass,  as  the  volume  of  water  was  thought 
to  be  too  small  for  the  scouring  efifect  required.  Through  this  bar 
the  contract  required  a  channel  26  feet  deep  and  200  feet  wide. 

In  1891  a  break  occurred  in  the  right  bank  of  Pass  a  Loutre, 
about  one  and  a  half  miles  below  the  head  of  South  Pass.  Several 
efforts  have  been  made  by  the  legal  representatives  of  the  late 
James  B.  Eads  to  close  this  break,  as  it  bids  fair  to  reach  such 
magnitude  as  to  materially  diminish  the  flow  through  the  other 
passes,  and  hence  become  a  menace  to  navigation.  The  crevasse 
is  now  some  2,220  feet  wide,  with  a  maximum  depth  at  the  en- 
trance of  60  feet.  It  flows  into  Garden  Island  Bay,  which  is  quite 
shallow,  the  average  depth  being  about  6  feet.  A  dike  8,350  feet 
long  was  built  in  shallow  water  for  the  purpose  of  closing  the  cre- 
vasse after  previous  efforts  had  failed.  This  was  destroyed  by  a 
violent  storm  when  nearly  completed.  The  dike  was  rebuilt  and 
strengthened  with  sheet  piling,  but  was  badly  wrecked  by  a  second 
storm,  which  occurred  in  October,  1894. 

The  dike  consisted  of  two  rows  of  piling  16  feet  apart,  with 
the  piles  in  each  row  8  feet  apart  and  projecting  9  feet  above  water. 
The  piles  in  each  row^  were  stiffened  by  a  4  x  8  inch  stringer 
fastened  with  drift  bolts  to  the  piling  about  6  feet  above  water. 
Half  the  length  of  the  dike  was  in  about  9  feet  of  water,  and  the 
remainder  in  from  i  to  4  feet  of  water.  A  continuous  foundation 
mattress  about  3  feet  thick  was  built,  suspended  between  the  rows 
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of  piling  aiul  sunk  in  place  by  means  of  temporary  weights  made 
of  railroad  iron.  Once  on  the  bottom,  the  mattress  was  held  in 
place  by  braces  made  of  scantling  extending  down  from  the  waling 
pieces  to  cross  binders  on  the  mat,  and  the  weights  were  then  re- 
moved. On  this  foundation  mat  loose  willows  were  placed  be- 
tween the  rows  of  piling.  These  were  compressed  as  much  as 
practicable  and  then  fastened  in  place  by  cross-pieces  placed  under 
the  walings  and  spiked  to  each  side  of  the  piling  at  each  bent,  and 
thus  connecting  the  two  rows  of  piling.  They  were  also  weighted 
down  with  sacks  filled  with  earth.  The  top  of  the  willows  was 
about  5  feet  above  the  water  when  the  dike  was  completed.  The 
sheet  piling  that  was  used  consisted  of  sawed  timbers  8x12  inches 
and  35  to  55  feet  long.  Waling  pieces  8x8  inches  were  bolted  to 
the  piling  on  both  sides  near  the  top.  The  piles  were  made  with 
tongue  and  groove  by  means  of  strips  spiked  to  the  narrow  face 
of  the  piles. 

After  the  destruction  of  the  above  work  the  project  of  closing 
the  crevasse  was  abandoned. 

The  shoaling  in  South  Pass  has  been  attributed  to  this  cre- 
vasse as  the  primary  cause.  It  has  been  observed  for  some  years 
that  the  pass  channels  deteriorate  at  low  water  and  scour  out  at 
high  water.  For  more  than  three  years  the  usual  high-stage 
effects  are  lacking,  owing  to  the  fact  that  the  river  has  not  reached 
a  high-Avatcr  stage  during  this  period.  While  the  crevasse  un- 
doubtedly has  considerable  effect  on  the  depth  of  water  in  the  pass, 
the  deficiency  can  readily  be  accounted  for  by  the  long  period  of 
low  water,  and  doubtless  much  of  the  obstruction  will  be  scoured 
out  during  the  next  high-water  period.  The  decrease  in  depths 
through  South  Pass  is  also  due  in  some  measure  to  the  destruction 
of  the  training  dikes  at  the  head  of  the  pass. 

Whatever  may  be  the  effect  of  the  Pass  a  Loutre  crevasse,  the 
relation  between  the  stage  of  river  and  scour  or  fill,  as  developed 
by  observations  extending  over  a  period  of  years,  shows  con- 
clusively that  stage,  as  effecting  the  eroding  and  silt-bearing  power 
of  the  current,  is  the  controlling  factor  in  the  matter  of  channel 
depths.  The  high-stage  effects  of  1882-3-4  were  so  active  and 
eroded  the  bed  of  South  Pass  to  such  an  extent  that  works  were 
planned  to  prevent  further  enlargement  of  the  pass  channel. 

Judging  from  past  experience,  it  may  be  said  that  during 
periods  when  low-stage  effects  predominate  for  considerable  time 
the  force  of  the  current  cannot  be  relied  upon  to  carry  the  vast 
volume  of  sediment  out  to  deep  water  in  the  Gulf,  but  at  such  times 
it  must  be  supplemented  by  dredging  in  order  to  secure  a  depth 
sufficient  to  satisfy  the  demands  of  navigation. 
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The  Pass  a  Loiitre  crevasse,  if  allowed  to  flow,  would  ulti- 
mately form  a  delta  in  ( iarden  Island  Bay  similar  to  the  one  formed 
by  Cubits  Gap.  The  volume  of  flow  would  rapidly  diminish  as 
the  delta  extended  seaward,  and  its  influence  as  a  factor  in  the 
maintenance  of  navigable  channels  through  the  passes  would 
vanish. 

The  diagrams  relating  to  the  growth  and  decadence  of  Cubits 
Gap  well  illustrate  this  process.  They  are  also  interesting  as 
showing  the  process  of  delta-building  in  a  comparatively  short 
space  of  time.  The  discharge  through  the  gap  at  one  time 
amounted  to  34  per  cent,  of  the  total  volume  of  the  river.  At  the 
present  time  it  hardly  amounts  to  10  per  cent. 

A  strong  effort  is  being  made  to  secure  from  Congress  a  sufifi- 
cient  sum  of  money  to  permanently  close  the  Pass  a  Loutre  break, 
so  as  to  prevent  the  threatened  damage  to  the  channel  through 
South  Pass.' 

In  1875,  when  the  jetty  work  began,  the  total  number  of  ves- 
sels reported  as  passing  both  out  and  in  was  2,159.  There  were 
1,307  sailing  vessels  and  852  steam  vessels.  The  total  tonnage 
was  1,569,161  tons.  The  revenue  on  imports  amounted  to  $2,214,- 
571.84.  Twenty  years  later,  with  a  channel  depth  increased  from 
18  feet  to  30  feet,  the  record  stands  as  follows:  Number  of  en- 
trances and  clearances,  2,397;  number  of  sailing  vessels,  170;  num- 
ber of  steam  vessels,  2,227;  total  tonnage  of  above,  4,873,562  tons; 
revenue  collected  on  imports  at  the  port  of  New  Orleans,  $1,719,- 
815.75.  To  this  should  be  added  the  duties  collected  at  St.  Louis, 
San  Francisco,  and  other  interior  points  which  receive  goods  via 
New  Orleans.  The  value  of  exports  for  the  fiscal  year  ending 
June  30,  1896,  was  $80,986,804.  Of  this,  cotton  is  the  largest  item, 
amounting  to  over  $64,000,000.  Corn  exports  amount  to  some- 
thing over  $7,000,000.  The  imports  for  the  same  year  amounted 
to  $15,945,836,  or  a  total  of  imports  and  exports  amounting  to 
$96,932,640  per  annum. 

It  will  be  seen  from  the  above  that  the  tonnage  of  individual 
vessels  has  increased  very  much,  and  that  the  number  of  sailing 
vessels  has  diminished.  With  an  increase  of  about  10  per  cent,  in 
the  total  number  of  vessels,  the  tonnage  has  increased  to  more 
than  three  times  the  former  amount.  The  tendency  to  increase  the 
size  and  draught  of  vessels  has  probably  not  yet  reached  its  limit, 
and  this,  taken  in  connection  with  the  increase  in  imports  and  ex- 
ports, may  in  the  near  future  require  a  better  outlet  to  the  sea  than 
is  now  found  in  South  Pass. 

The  proposition  to  improve  Southwest  Pass  is  already  being 
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discussed.  The  demands  of  commerce  in  this  respect  must  be 
satisfied,  and  it  is  none  too  soon  to  begin  investigations  as  to  the 
best  method  of  meeting  the  requirements.  This  becomes  espe- 
cially pertinent,  as  the  contract  for  maintenance  of  the  South  Pass 
channel  expires  in  July,  1899. 

Can  South  Pass  be  further  improved  so  that  it  will  at  all  times 
be  equal  to  any  demands  of  commerce?  Is  it  desirable  or  neces- 
sary to  utilize  one  of  the  other  passes  for  improvement  and  also 
maintain  the  present  channel  so  as  to  avoid  the  possibility  of  block- 
ades due  to  grounding  of  vessels  or  damage  to  channels  by  storms? 
If  so,  which  pass  promises  the  best  results  for  the  least  outlay?  In 
view  of  the  experience  at  South  Pass,  which  shows  that  the  works 
deteriorate  rapidly  and  require  a  large  annual  outlay  for  mainte- 
nance and  that  jetties  must  be  supplemented  by  dredging,  are  we 
justified  in  attempting  to  construct  so-called  permanent  works  on 
foundations  which  are  continually  subsiding,  and  are  racked  by 
storms,  all  tending  to  make  the  work  of  maintenance  dif^cult  and 
expensive?  What  form  of  construction  and  what  character  of 
materials  are  best  adapted  to  the  works  required?  In  view  of  the 
extraordinary  improvement  in  the  capacity  of  dredging  machinery, 
would  it  not  be  practicable  to  rely  largely  on  dredging  to  open  and 
maintain  a  channel?  What  width  and  depth  are  necessary  in  order 
to  provide  for  easy  and  safe  navigation  for  the  largest  vessels  for 
some  years  to  come? 

None  of  these  questions  can  be  satisfactorily  answered  with- 
out careful  study  by  competent  engineers,  preceded  by  an  ex- 
haustive survey  covering  all  of  the  passes  and  including  a  critical 
examination  of  their  physical  characteristics  at  various  stages  of 
river  and  tide.  Some  of  the  pertinent  questions  are:  W'hat  direc- 
tion and  with  what  velocities  do  the  waters  enter  and  leave  these 
passes  at  dift'erent  stages?  What  amount  of  sediment  do  they 
carry,  at  what  stages  are  deposits  made,  and  when  does  the  maxi- 
mum scour  occur?  What  effect  do  the  prevailing  Gulf  currents 
and  winds  have  on  the  deposits  at  the  mouth  of  the  passes?  How 
long  are  the  bars  which  obstruct  the  infiow  of  the  water  at  the  head 
•  of  the  passes  and  the  discharge  at  the  mouth  of  the  same?  What 
is  the  controlling  depth  on  these  bars?  What  is  the  volume  of 
water  carried  at  different  stages?  WTiich  pass  shows  the  firmest 
banks,  the  least  tendency  to  elongation  from  deposits,  and  the 
least  liability  to  obstruction  from  mud  lumps  or  sand  waves? 

All  of  these  items  have  a  very  important  bearing  on  the  se- 
lection of  a  proper  site  for  carrying  on  successful  works  of  channel 
improvement.     The  questions  propounded  are  not  easy  to  answer. 
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NOTE. 

Figures  show  depths  at  mean  low  water  in  fatlioms,  except 

where  flte  depths  are  given  in  feet. 
The  soundings  shown  were  taken  as  follows  : 
Main  river  ahove  head  of  Passes  in   187S ;   JVorth    Pass    and  approaches 

in  1860. 
Approaches  to  South  West  Pass  in  1871;  Approaches  to  Pass  a  Loutre. 
Morth  East  and  South  East  Pas.ses  in  187S;  South  Wfst  Passes  and  Pass  & 

Loiiire  in  1SG7 ;  Cubits  Gap  in  1877 ;    Grand  Bayou   in    1884,  ^Tid 

Soitth  Pass  in   1896. 
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and  it  is  important  that  work  looking  to  their  sohition  should 
begin  as  soon  as  practicable,  so  that  the  results  will  be  available 
before  it  becomes  necessary  to  take  up  the  work  of  construction. 
With  the  proper  study  of  the  various  phases  of  the  problem  in- 
volved, the  engineer  may  begin  the  work  of  guiding  and  control- 
ling the  forces  of  nature  with  confidence  in  his  ultimate  success. 

The  solution  of  the  problem  is  of  vital  importance  to  the  entire 
Mississippi  Valley.  The  entrance  to  a  stream  that,  with  its  tribu- 
taries, affords  15,000  miles  of  navigation  must  be  kept  free  from 
obstructions,  so  that  vessels  coming  from  all  parts  of  the  world 
can  have  safe  and  easy  access  to  the  surplus  products  of  our  manu- 
factories and  our  fertile  fields. 

The  writer  is  indebted  to  Major  James  B.  Ouinn  and  C.  Dono- 
van, in  charge  of  work  at  the  jetties,  and  J.  D.  Crawford,  Deputy 
Collector  of  the  Port  of  New  Orleans,  for  much  valuable  informa- 
tion, and  to  the  United  States  Coast  Survey  for  the  main  part  of 
maps  of  the  delta. 


ii6  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


KKSISTANCE   OF    SHIPS   AND   OTHER    FLOATING 

BODIES  AT  DEEP  AND   SHALLOW 

I>KAFTS  OF  WATEK. 


By  Joseph  R.  Oldham,  N.  A.  and  M.  E.,  Member  of  the  Civil  Engi- 
neers' Club  of  Cleveland. 


[Read  before  the  Club,  January  26,  1897.*] 

"Ah,  could  we  but  fathom  the  mighty  deep  and  count  up  the 
treasures  there!" 

I  am  inchned  to  the  behef  that  many  of  our  yachtsmen,  master 
mariners,  and  others  have  had  racing  craft  constructed  using  a 
very  small  draught  of  water,  with  the  idea  of  gaining  speed,  and 
indeed  it  would  seem  that  up  to  a  few  years  ago  there  were  naval 
architects  who  avowedly  designed  yachts  to  float  lightly  im- 
mersed, so  as  to  lessen  the  surface  friction  and  to  be  more  easily 
propelled.  So  firmly  is  this  conviction  impressed  on  the  minds 
of  some  of  our  marine  experts  that  I  fear  nothing  less  than  experi- 
ments conducted  some  fifty  miles  under  the  sea  would  convince 
them  of  their  error;  but,  even  were  this  accomplished,  the  same 
authorities  might  still  prove  obdurate,  for  there  it  might  be  that 
sunken  vessels  would  float  again,  for  water  at  such  a  depth  would, 
I  think,  be  a  very  dilTerent  fluid  from  that  which  we  now  see  car- 
ried in  ships'  bottoms  or  in  locomotive  engine  tanks.  When  water 
has  a  pressure,  say  of  over  10,000  pounds  per  square  inch,  as  it  may 
have  at  the  bottom  of  the  deep  oceans,  its  bulk  must  be  consider- 
ably reduced,  and  consequently  the  surface  friction  experienced  by 
a  body  moving  therein  would  probably  be  increased.  With  this 
admission,  which  is  based  largely  on  the  imagination,  I  will  ask 
you  to  bear  with  me  while  I  cite  a  less  popular  opinion  regarding 
the  friction  of  solid  bodies  moving  in  water. 

I  hope  that  this  subject  will  not  prove  tedious  to  you,  and  it 
should  not  if  discretely  treated,  for  Sir  W.  H.  White  says:  "No 
branch  of  naval  architecture  has  a  richer  literature"  than  that 
which  forms  the  subject  of  this  paper. 

It  would  be  a  formidable  task  to  merely  enumerate  the  names  of 
eminent  mathematicians  and  experimentalists  who  have  endeav- 
ored to  discover  the  laws  of  the  resistance  which  water  ofifers  to 
the  progress  of  ships,  and  still  more  formidable  would  be  any  at- 
tempt to  describe  the  various  theories  that  have  been  devised. 
Again  and  again  has  the  discovery  of  the  form  of  least  resistance 
been  announced,  but  none  of  these  have  largely  influenced  the 

*Manuscript  received  February,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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practical  work  of  designing  ships,  nor  can  any  be  regarded  as  on  a 
thoroughly  scientific  basis.  In  fact,  a  century  and  a  half  of  almost 
continuous  inquiry  has  firmly  established  the  conviction  that  the 
problem  is  one  which  pure  theory  can  never  be  expected  to  solve. 
The  experimental  tank  for  ascertaining  the  resistance  of  the 
wave-making  qualities  of  ship  models  has  proved  to  be  the  most 
valuable  adjunct  of  the  scientist  when  confronting  the  multitude 
of  mistaken  theories  advanced  from  time  to  time  in  connection 
with  ship  resistance.  For  instance,  the  popular  idea  was  that  a 
fish  or  other  similar  body  moving  through  the  water  experiences 
resistance  mainly  and  primarily  because  it  has  to  force  the  water 
out  of  its  way  as,  for  instance,  our  straits  car-ferry  boats  have  to 
do  with  thick  ice  in  Winter.  Until  thirty  or  forty  years  ago,  the 
accepted  theory  of  ship  resistance,  so  far  as  there  was  any,  was 
based  upon  this  mistaken  notion,  the  resistance  being  supposed  to 
be  due  to  the  inertia  of  the  water  disturbed.  According  to  the 
now  universally  accepted  theory,  however,  in  an  imperfect  fluid, 
such  as  water,  a  fish  or  torpedo  would  experience  resistance  solely 
by  virtue  of  the  frictional  imperfection  of  the  fluid,  and  the  degree 
of  resistance  would  be  (at  least  broadly  speaking  and  presumably) 
proportional  to  the  degree  in  which  that  frictional  quality  was 
present.  Mr.  Froude  concluded  by  saying  that  in  an  ideal,  per- 
fectly frictionless  fluid  there  eoiild  be  no  resistance  at  all,  zvhatever 
the  shape  of  the  body.  The  resistance  experienced  by  a  plane  pass- 
ing through  water  is  equal  to  the  weight  of  a  column  of  the  fluid, 
the  base  of  which  is  equal  to  the  area  of  the  plane  and  height  equal 
to  the  space  through  which  a  body  would  fall  by  gravity  to  acquire 
that  velocity,  and  is  thus  expressed: 

aw  X  2g 
where  a=;area  of  plane, 

w=weight  of  a  cubic  foot  of  fluid, 
V=:velocity  in  feet  per  second, 
2g^twice  gravity. 

The  resistance  with  which  the  ship  meets  is  a  compound  of  mi- 
nute currents.  The  velocities  of  these  eddies  against  the  hull  are 
proportionate  to  the  velocity  of  the  ship  and  her  model.  At  ten 
knots  per  hour  the  eddy  resistance  is  one  pound  per  square  foot  of 
augmented  surface  and  varies  generally  for  other  speeds  as  the 
square  of  the  velocity.  The  bow,  however,  always  experiences  re- 
sisting pressure,  as  the  square  of  its  velocity  of  motion  and  re- 
quires horse-power  as  the  cube  of  the  velocity  to  overcome  resist- 
ance. It  is  found  experimentally  that  the  resistance  which  the 
total  surface  of  a  vessel  sufifers  in  passing  through  the  water  varies 
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nearly  as  the  s([uare  of  the  velocity,  so  that  if  the  pull  on  a  rope  to 
draw  a  vessel  through  the  water  at  a  velocity  of  five  knots  an  hour 
be  equal  to  a  weight  of  one  ton,  then  at  ten  knots  an  hour  the  pull 
will  be  equal  to  four  tons.  In  one  case,  therefore,  the  mechanical 
effort  requisite  to  propel  the  ship  during  the  hour  is  represented 
by  a  weight  of  one  ton  gravitating  through  a  height  of  five  knots, 
and  in  the  other  case  by  a  weight  of  four  tons  gravitating  through 
a  height  of  ten  knots,  so  that  the  power  imparted  in  the  respective 
cases  is  in  the  proportion  of  5  :  40  or  i  :  8.  In  other  words,  while 
the  resistance  varies  as  the  square  of  the  velocity,  the  power  neces- 
sary to  be  imparted  per  hour  or  per  day  will  vary  as  the  cube,  so 
that  to  double  the  speed  of  a  steam  vessel  the  engines  must  exert 
eight  times  the  power.  They  will  therefore  consume  eight  times 
the  coal  in  the  hour,  but  as  with  a  double  speed  the  voyage  will 
only  last  half  the  time,  the  quantity  of  coal  consumed  per  voyage 
and  of  power  exerted  will  only  be  four-fold.  The  power  con- 
sumed, therefore,  in  performing  any  given  distance  will  vary  as 
the  resistance,  which  is  four  times  greater  with  a  double  speed, 
but  the  power  consumed  per  hour  will  be  twice  this  amount,  as  in 
the  hour  a  double  distance  is  performed.  If  the  velocity  be  in- 
creased three  times,  the  resistance  will  be  increased  nine  times,  and 
the  engine  power  to  propel  the  vessel  must  be  increased  twenty- 
seven  times,  and  so  on  in  similar  proportions. 

While,  however,  this  is  the  approximate  law,  it  is  not  absolutely 
correct,  and  it  is  subject  to  various  modifications  in  practice  from 
causes  to  which  regard  must  be  had  before  sound  conclusions  can 
be  reached.  Water  is  perfectly  frictionless,  and  has  no  sliding 
angle;  it  may  carry  foreign  matter  which  can  cause  attrition,  but 
it  has  of  itself  only  the  quality  of  adhesiveness,  which  gives  rise  to 
a  certain  sort  of  viscosity.  The  term  friction  as  connected  with 
water  should  be  done  away  with  in  mechanics.  These  statements, 
I  think,  are  both  strong  and  weighty,  and  should,  if  time  permitted, 
call  forth  earnest  discussion.  As  I  propose  to  make  a  short  com- 
parison between  the  friction  of  fluids  and  solids,  it  may  tend  to 
elucidate  the  comparison  if  I  briefly  quote  one  or  two  writers  on 
the  law  of  friction.  Templeton  says:  "When  no  unguent  is  inter- 
posed, the  friction  of  any  two  surfaces  (whether  of  quiescence  or  of 
motion)  is  directly  proportional  to  the  force  with  which  they  are 
pressed  perpendicularly  together."  This  you  \vill  observe  is  the 
very  reverse  of  the  most  approved  friction  theory  bearing  on 
water.  Again  he  says:  "When  an  unguent  is  interposed  the 
amount  of  friction  is  in  every  case  wholly  independent  of  the  ex- 
tent of  the  surface  in  contact,  so  that  the  force  with  which  two 
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surfaces  are  pressed  together  being  the  same,  their  friction  is  the 
same  whatever  may  be  the  extent  of  their  surfaces  in  contact,"  yet 
we  are  told  that  the  increased  force  or  pressure  of  water  has  no 
effect  on  the  friction  of  a  soHd  moving  in  it.  The  friction  of  mo- 
tion w^as  formerly  considered  to  be  wholly  independent  of  the  ve- 
locity of  the  motion,  but  the  results  of  recent  experiments  by  the 
Institution  of  Mechanical  Engineers  on  friction  of  lubricated  bear- 
ings shows  that  the  resistance  of  friction  increases  zvitli  the  velocity. 
This  you  will  observe  is  in  accord  with  the  most  recent  experi- 
ments on  Hiiid  resistance.  But  to  return  for  a  moment  to  the  fric- 
tion of  solid  bodies,  Mr.  A.  E.  Seaton  says:  ^'Friction  is  independent 
of  velocity,  so  far  as  movement  through  a  fixed  distance  is  con- 
cerned, that  is,  if  a  body  be  moved  through  10  feet  the  friction  is 
the  same  if  the  movement  takes  place  in  one  second  of  time  or  in 
ten  seconds;  but  if  time  be  taken  into  account  the  friction  of  mov- 
ing the  body  ten  times  over  the  ten  feet  in  ten  seconds  is  ten  times 
that  of  moving  it  once  in  ten  seconds.  In  a  marine  screw  engine 
for  instance,  making  seventy  revolutions  per  minute,  the  friction 
is  seventy  times  that  of  one  revolution,  and  consecjuently  if  a  side 
wheel  engine,  having  the  same  size  cylinders  and  working  with 
the  same  pressure  of  steam,  makes  only  thirty-five  revolutions  per 
minute  the  friction  of  the  journals  will  be  half  that  of  the  screw 
engine." 

Our  literary  friends  do  not  appear  to  be  quite  in  accord  with 
regard  to  the  laws  governing  the  friction  of  solids,  so  you  must  not 
be  surprised  if  some  of  them  get  out  of  their  depth  when  they 
touch  on  friction  in  deep  water.  When  cjuoting  Mr.  Seaton, 
whom  I  know  very  well,  I  cite  the  opinion  or  conclusions  of  a 
thoroughly  scientific  and  practical  marine  engineer  whose  training 
was  by  no  means  purely  academic,  moreover  that  author  was  edu- 
cated in  a  very  similar  school  to  that  in  which  Sir  E.  J.  Reed,  Sir 
W.  H.  White  and  Dr.  Froude,  received  their  early  impressions 
and  in  addition  to  such  advantages  Mr.  Seaton  has  had  the  most 
valuable  experience  in  the  engine  works  and  shipbuilding  yard.  I 
place  stress  upon  this  because  I  believe  that  though  a  scientific 
training  is  of  great  importance  it  may  be  immeasurably  enhanced 
by  touching  or  handling  the  materials  of  which  an  engineer's  de- 
signs are  to  be  constructed,  so  I  would  suggest  that  his  writing 
receive  due  consideration.  Mr.  Seaton  says  that,  "war  ships  re- 
quire a  larger  amount  of  horse-power  per  square  foot  of  wetted 
skin  than  ships  of  the  merchant  navy.  This  was  thought  to  be  due 
to  the  extreme  beam  for  the  length.  As  a  rule  the  ratio  of  length 
to  breadth  in  the  merchant  service  is  much  larger  than  in  govern- 


120  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

ment  vessels,  and  because  tlie  speed  constants  of  the  latter  are 
much  lower  than  those  of  the  former,  it  was  urged  that  long  nar- 
row' ships  were  much  easier  to  drive  than  broad  ones;  but  this  is 
not  necessarily  true,  and  the  cause  of  the  difiference  between  the 
two  types  is  not  far  to  seek  when  carefully  looked  for.  The  ships 
of  the  government  navy,  as  a  rule,  draiv  more  water  for  their  dis- 
placement than  do  merchant  steamers,  and  the  keel  and  the  bilge 
keels  are  nearer  the  bottom,  so  that  the  average  pressure  per 
square  foot  of  their  surface  is  very  large  compared  with  merchant 
vessels. 

"The  friction  of  the  water  per  square  foot  of  surface  will  de- 
pend on  the  pressure  direetly,  so  that  the  resistance  from  a  square 
foot  near  the  water  line  is  very  different  from  one  twenty  feet  be- 
low it.  The  success  of  torpedo  boats  depends  almost  wholly  on 
their  lightness  of  both  hull  and  machinery,  enabling  them  to  do 
with  so  small  displacement*  that  they  literally  skim  over  the  water, 
and  the  pressure  per  scjuare  foot  of  wetted  skin  is  consequently 
very  small.  Unless  small  boats  are  made  to  float  at  a  very  light 
draft  they  cannot  be  driven  at  high  speeds.  And  all  experiments 
with  fast  river  steamers  have  shown  this."  This  seems  so  reason- 
able and  so  natural  that  I  think  it  calls  for  some  moral  courage  on 
the  part  of  an  ordinary  essayist  to  question  the  absolute  accuracy 
of  the  assertions,  and  if  the  frictional  resistance  of  fluids  were  gov- 
erned by  the  same  laws  as  solids,  the  truth  of  Mr.  Seaton's  state- 
ments would  be  self-evident;  but  such  of  course  is  by  no  means  the 
case.  From  this  it  would  seem  that  some  authorities  have  con- 
fused hydrostatic  pressure,  due  to  deep  immersion,  with  the  dyn- 
amic conditions  incidental  to  motion.  Dr.  Elgar  appears  to  en- 
tertain a  dififerent  opinion  on  this  subject,  for  he  says:  "With  re- 
gard to  the  efTect  of  draught  of  water  upon  speed,  we  know  that  a 
limited  draught  is,  as  a  rule,  unfavorable  to  speed;  that  is,  if  you 
take  a  ship  drawing  twenty  feet  of  water  and  load  her  down  to 
twenty-five  feet,  it  will  usually  take  less  power  per  ton  displace- 
ment to  propel  her  at  twenty-five  feet  draught  than  at  twenty  feet, 
so  that  shallow  draught  of  zvater  is  unfaz'orable  to  speed." 

This  statement  is  the  very  antithesis  of  Mr.  Seaton's  writing. 

Water,  as  you  know,  is  practically  incompressible.  Can  an 
incompressible  fluid  cause  increased  resistance  to  a  solid  body 
passing  through  it  in  proportion  to  the  hydrostatic  head?  It 
seems  to  me  that  it  cannot.  On  the  other  hand  let  us  for  a  mo- 
ment consider  compressible  fluids  such  as  air  or  steam,  the  energy 
of  which  depends  on  the  changes  in  temperature  and  volume.  It 
appears  clear  beyond  a  doubt  that  air-ships  would  meet  with  less 
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frictional  resistance  near  the  top  of  Mt.  .Blanc,  than  near  the  sur- 
face of  the  Thames  River  chiring  a  November  fog,  for  there  the 
air  would  be  heavier  and  denser,  and  a  cubic  foot  would  be  heavier 
on  London  Bridge  than  the  same  bulk  at  the  altitude  of  the  Italian 
observatory.  Again,  steam  at  ninety  pounds  pressure  would  cause 
greater  resistance  to  a  moving  body  than  at  fifteen  pounds,  but  a 
bulk  of  the  former  would  only  occupy  about  one-sixth  of  the  space 
of  the  latter.  Now  as  water  occupies  the  same  space,  at  least  at  all 
moderate  depths,  and  as  sixty-four  pounds  will  always  occupy  one 
cubic  foot  space  at  a  constant  temperature,  it  should  follow  that 
water  cannot  augment  its  own  frictional  resistance  by  reason  of 
the  deeper  immersion  of  that  body  within  it.  It  may  require, 
the  greater  power  to  separate  the  water  at  the  fore-foot  of  a  "Great 
Eastern"  than  at  the  load-line  of  a  torpedo  boat,  but  that  portion 
of  a  vessel's  resistance  must  not  be  confused  with  skin  or  surface 
friction.  Place  a  board  near  the  top  of  a  deep  bale  of  cotton  and  a 
child  might  draw  it  out,  but  in  a  much  lower  position,  perhaps 
neither  you  nor  I  could  draw  it  out,  and  that  because  the  friction 
would  increase  in  proportion  to  the  load,  but  a  pound  of  cotton  at 
the  bottom  of  the  cart  occupies  much  less  space  than  a  pound  at 
the  top. 

On  the  contrary  a  pound  of  water  at  the  top  of  a  high  water 
cart  occupies  just  the  same  space  as  a  pound  of  water  at  the  bot- 
tom, so  you  see  that  the  friction  of  solids  and  the  friction  of  fluids 
or  liquids  are  not  analogous.  But  let  us  see  what  the  eminent 
naval  architects  have  to  say  on  the  subject.  Quoting  Mr.  Froude, 
Sir  W.  H.  White,  referring  to  a  thin  plate  with  a  plane  surface 
immersed  in  water  and  moved  end  on  or  edgewise,  says:  "If  the 
plate  were  immersed  very  deeply,  it  would  create  little  or  no  surface 
disturbance,  and  therefore  require  less  force  to  propel  it  at  a  certain 
speed  than  would  a  plate  of  equal  immersed  area,  moving  at  the 
surface  with  a  portion  situated  above  that  surface.  If  there  were 
no  surface  disturbance,  the  resistance  would  be  practically  inde- 
pendent of  the  depth  of  immersion.  In  other  words,  if  there  be  no 
surface  disturbance  the  resistance  at  any  speed  is  independent  of 
the  depth."  Mr.  W.  P.  Stephens  says  that  the  hydrostatic  pres- 
sure increases  with  the  depth,  but  as  far  as  the  motion  of  a  fish  or 
a  yacht  through  the  water  is  concerned,  this  increased  pressure 
has  no  efifect  whatever,  nor  should  it  have,  as  it  is  balanced  or  the 
same  in  all  directions.  Pressure  has  no  effect  whatever  on  the  fric- 
tion of  the  water  upon  the  solid,  which  is  the  same  at  all  depths,  so 
that  the  surface  friction  per  square  foot  of  keel  would  be  the  same 
on  a  vessel  drawing  thirty-five  feet  as  on  one  only  drawing  five 
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feet,  though  the  pressure  in  salt  water  would  be  as  2240  :  320.  To 
examine  this  in  a  more  practical  way,  I  cite  the  performance  of  two 
single  screw  steamers  of  similar  lines  when  each  was  steaming  at 
the  rate  of  17  knots.  The  "Servia"  is  of  10,960  tons  displacement 
at  2^^  feet  mean  draft  of  water;  she  steams  17  knots  per  hour  with 
10,300  indicated  horse-power.  This  speed  is  attained  with  only 
.94  of  a  horse-power  per  ton  displacement.  The  "Lancashire 
\\'itch"  is  of  1,020  tons  displacement  at  10.5  feet  mean  draft  of 
water,  and  she  steams  17  knots  per  hour  with  i860  indicated  horse- 
power, so  she  requires  1.82  horse-power  per  ton  displacement.  In 
other  words,  the  shallow  draft  steamer  requires  double  the  horse- 
power per  ton  displacement,  though  she  draws  less  than  half  the 
water  of  the  deep  steamer,  and  is  of  proper  dimensions  for  the 
speed  named.  The  one  is  subject  to  a  pressure  of  4.5  pounds  per 
square  inch,  and  the  other  to  nearly  10  pounds  per  square  inch. 
Here  is  a  torpedo  boat  drawing  only  4.5  draft  of  water,  displace- 
ment 66  tons,  indicated  horse-power  700  at  20  knot  speed.  At 
this  shallow  draft  not  less  than  10.6  horse-power  is  required  per 
ton  displacement. 

These  illustrations  may  not  carry  conviction  with  them  on  ac- 
count of  the  great  difference  in  dimensions  of  the  vessels,  but  if 
they  tend  to  prove  anything  it  is  that  a  shallow  draft  of  water  is  un- 
favorable to  high  speeds.  Let  me  read  you  a  few  lines  by  an  emi- 
nent writer  bearing  on  animal  life  at  the  bottom  of  the  ocean, 
which  I  think  will  tend  in  some  degree  to  elucidate  my  subject. 

There  is  an  enormous  pressure,  reckoned  at  about  ten  tons 
per  square  inch  in  every  1,000  fathoms,  which  is  160  times  greater 
than  that  of  the  atmosphere  we  live  in.  At  2,500  fathoms  the  pres- 
sure is  thirty  times  more  powerful  than  the  steam  pressure  of  a 
modern  locomotive  when  drawing  a  train.  As  late  as  1880  a  lead- 
ing zoologist  explained  the  existence  of  deep-sea  animals  at  such 
depths  by  assuming  that  their  bodies  were  composed  of  solids  and 
liquids  of  great  density,  and  contained  no  air.  This,  however,  is 
not  the  case  with  deep-sea  fish,  which  are  provided  with  air-in- 
flated swimming  bladders.  Some  deep-sea  fish  have  two  parallel 
rows  of  small  circular  phosphorescent  organs  running  along  the 
whole  length  of  their  bodies,  and  as  they  glide  through  the  dark 
waters  of  the  profound  abysses  they  must  look  like  model  mailships 
with  rows  of  shining  portholes.  If  one  of  these  fish,  in  full  chase 
after  its  prey,  happens  to  ascend  beyond  a  certain  level,  its  bladder 
becomes  distended  with  the  decreased  pressure,  and  carries  it,  in 
spite  of  all  of  its  efforts,  still  higher  in  its  course.  In  fact,  mem- 
bers of  this  unfortunate  class  are  liable  to  become  victims  to  the 
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unusual  accident  of  falling-  upward.  Even  the  ground  sharks, 
brought  up  from  a  depth  of  no  more  than  500  fathoms,  where  the 
pressure  would  be  about  1,300  pounds  per  square  inch,  expire  be- 
fore they  gain  the  surface. 

This  tends  to  convince  me  that  frictional  resistance  is  not 
augmented  by  depth  or  pressure  of  water,  for  if  it  were,  no  fish 
could  propel  itself  when  subjected  to  a  hydrostatic  pressure  of  say, 
twenty-five  hundred  pounds  per  square  inch  of  surface,  as  it  would 
be  when  swimming  at  a  depth  of  a  little  less  than  one  thousand 
fathoms. 

If  the  friction  increased  according  to  the  augmented  draft  of 
water  it  would  increase  in  the  same  ratio  as  the  pressure  increases, 
but  this  I  think  is  not  the  case,  for  divers  have  been  known  to  work 
and  move  about  at  a  depth  of  about  200  feet  below  the  surface, 
where  the  pressure  would  be  nearly  90  pounds  to  the  square  inch. 
This  is  about  fifteen  times  the  pressure  existing  at  14  feet,  so  I 
cannot  conceive  how  a  man  could  move  his  limbs  to  any  advantage 
if  such  movements  were  subject  to  fifteen  times  the  friction  experi- 
enced at  a  moderate  depth. 

Divers  worked  in  recovering  specie  from  the  hold  of  the  Al- 
phonso  XIL,  at  a  depth  of  160  feet  of  water,  at  which  depth  the 
pressure  per  square  inch  would  be  67  pounds,  that  would  cause  a 
total  pressure  on  the  diver's  body  of  about  100  tons.  If  the  fric- 
tion increased  in  the  same  ratio  as  the  pressure  I  cannot  believe 
that  men  could  have  done  any  useful  work  there,  as  they  were  only 
able  to  remain  at  that  depth  for  about  five  minutes  at  a  time.  To 
cite  a  homely  illustration  bearing  slightly  on  the  subject,  I  may 
refer  to  swimming;  many  of  us  no  doubt  are  swimmers  and  ama- 
teur divers,  in  which  exhilarating  exercise  we  may  have  gone 
down  below  the  surface  a  distance  of  about  three  or  four 
fathoms.  My  experience  reminds  me  that  there  is  no  more  diffi- 
culty in  moving  the  limbs  or  in  swimming  swiftly  at  a  depth  of 
about  twenty  feet  than  at  the  surface  of  the  water.  If  frictional  re- 
sistance increased  with  the  augmented  depth,  such  I  am  confident 
would  be  perceived  when  swimming  at  a  considerable  depth  below 
the  surface.  Does  it  not  appear  that  the  friction  on  a  body  mov- 
ing in  water  is  quite  independent  of  the  depth  at  which  it  moves? 
Suppose  w-e  compare  two  shalloAv  draft  and  too  deep  draft  steamers 
by  the  expression : 

I.H.P. 
The  following  are  the  particulars  of  two  torpedo  boats  draw- 
ing less  than  6  feet,  mean  draft  of  water: 
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displacement  (D)  =  300  tons, 

speed  (S)  =:  30  knots  per  hour, 
indicated  horse-power  (iHP)  =  5220. 

then    30°^/^  X  30^^  ' 

5220 

The  second  example  has  a  displacement  of  247  tons,  speed 

27.9  knots,  indicated  horse-power  3,990, 

then  ^47_?^X  ^-7-9^-   =211. 
3990 

The  speed  efficiency  of  the  Campania,  though  drawing  four 

times  as  much  water,  is  just  about  as  high  as  the  first  example, 

15,000  -<  X  22^ 
thus  ^'-  „  -^       =231. 
28,000 

The  Oregon  drawing  24  feet  of  water  has  a  higher  constant 

than  the  second  example, 

11,00073  X  18.3'  o 

thus         ~ =  22S. 

13,300 

Here  is  a  boat  of  very  shallow  draft  and  yet  her  coefificient  is 

extremely  low, 

66  -4  X  20' 
thus      — T¥5f5   —  ^90. 
700  IHP. 

Her  speed  is  20  knots,  displacement  66  at  4^  feet  draft  of 
water. 

By  the  above  comparison  you  will  readily  see  that  the  higher 
the  coefBcient,  the  greater  is  the  efficiency  with  regard  to  speed 
through  the  water.  The  performance  of  the  deep  draft  steamer  is 
just  about  equal  to  one  shallow  draft  boat,  and  the  performance  of 
the  second  deep  draft  boat  quoted  is  higher  than  the  other  shallow 
boat's.  So  by  this  comparison  also,  it  appears  that  the  resistance  at 
any  speed  is  independent  of  the  depth. 

It  appears  to  me  that  shallow  draft  is  decidedly  unfavorable 
to  high  speed  ef^ficiency  because  the  surface  disturbance  or  water 
raising  capacity  per  ton  displacement  will  be  much  greater  in  a 
shallow  draft  than  in  a  deep  draft  vessel.  I  think  that  we  may 
now  conclude  that  nothing  is  gained  with  regard  to  speed  by  twin 
screw  and  other  steamers  floating  on  comparatively  shallow  drafts 
of  water,  as  frictional  resistance  is  the  same  at  all  depths. 

I  have  now  reached  my  objective  point  which  was  to  bring 
out  the  very  diverse  convictions  or  opinions  held  by  eminent 
scientists  and  engineers  on  the  resistance  offered  by  water  to  ships 
floating  therein,  this  I  have  done  rather  with  a  view  to  stimulate 
discussion  of  what  I  have  been  taught  to  consider  a  most  import- 
ant subject,  for  I  am  not  able  to  present  any  startling  original  dis- 
covery which  would  settle  this  much  discussed  subject  on  a  soimd 
basis. 
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A  few  general  remarks  l)earing-  on  the  dynamical  conditions 
affecting  tioating  bodies  in  motion  before  concluding  may  not  be 
out  of  place.  Water  is  not  termed  a  perfect  fluid;  its  particles  do 
not  move  past  one  another  with  absolute  freedom,  but  exercise  a 
certain  amount  of  rubbing  or  what  is  called  friction  upon  one  an- 
other, and  upon  any  solid  past  which  they  move.  According  to 
Mr.  Seaton,  a  ship  moving  forward  has  to  displace  a  mass  of  water 
of  the  same  weight  as  itself,  and  the  water  has  to  fill  in  the  void 
which  would  otherwise  be  left  by  the  ship.  The  work  done  here  is 
measurable  by  the  amount  of  water,  and  since  it  is  equal  to  the  dis- 
placement, displacement  becomes  a  factor  in  the  calculations  of  re- 

D-^  X  S^ 

sistance,  hence  the  adoption  of  the  expression        i  ^j    p    •     ^^^^ 

to  effect  this  displacing  and  replacing  of  water  with  the  least 
amount  of  energy,  it  is  necessar}'  to  do  it  gently  to  set  the  particles 
of  water  gradually  in  motion  at  the  bow,  and  let  them  come  gradu- 
ally to  rest  at  the  stern.  If  it  is  not  done  gently,  and  the  water  is 
rudely  separated,  a  wave  is  formed  on  either  side,  showing  that 
energy  has  been  spent  in  raising  the  water  above  its  normal  level. 
Although  every  ship,  however  well  designed  to  suit  the  intended 
speed,  causes  these  waves  of  displacement,  it  is  the  object  of  the 
naval  architect  to  reduce  their  magnitude  as  much  as  possible.  It 
has  been  the  \vant  of  reflex  action  of  the  power  in  a  parting  wave, 
or  rather  the  want  of  an  appreciation  of  its  loss,  that  has  caused 
Froude  and  others  to  wonder  that  a  ship  of  "perfect"  form  should 
require  more  power  than  that  necessary  to  overcome  "skin  fric- 
tion" to  propel  her.  At  high  speeds  wave-making  becomes  a  very 
important  factor,  and  the  total  resistance  frequently  varies  at  a 
higher  power  of  the  speed  than  the  square.  When  the  screw  or 
side  wheels  first  commences  to  revolve,  the  ship  makes  no  head- 
way, and  it  is  only  after  some  seconds  have  elapsed  that  motion  is 
observable.  The  engine  power  has,  during  that  period,  been  em- 
ployed in  overcoming  the  resistance  to  motion  which  all  heavy 
bodies  possess,  and  which  is  called  the  vis  inertia.  When  the  en- 
gine is  stopped  at  the  end  of  the  voyage,  the  ship  will  continue  to 
move,  and  come  gradually  to  rest  unless  otherwise  retarded  by  the 
reversal  of  the  engines  or  by  check  ropes.  The  ship  is  then  said  to 
have  "way  on  her,"  a  phrase  which,  in  scientific  language,  means 
that  she  possesses  kinetic  energy  or  momentum,  which  is  given 
out,  when  the  engine  is  stopped  in  overcoming  the  resistance  of 
the  water  to  the  passage  of  the  ship  through  it.  This  energy  was 
stored  up  at  starting  in  overcoming  the  inertia,  and  remains  stored 
there  until  there  is  a  retardation  of  velocity.     In  this  way  the 
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weight  of  the  ship  helps  to  preserve  a  uniformity  of  motion,  as 
tnat  of  a  flly- wheel  does  to  an  engine,  therefore  it  is  important  that 
tug-boats  should  have  weight  as  well  as  powder,  to  prevent  towing 
in  a  jerky  fashion  so  often  observable.  When  the  vis  inertia  has 
been  overcome,  the  power  of  the  engine  is  directed  on  overcoming 
the  resistance  of  the  water,  and  wind  if  there  be  any.  As  the  speed 
increases  the  resistance  much  more  increases  until  it  becomes 
equal  to  the  power  of  the  engines,  and  then  the  motion  of  the  body 
becomes  uniform,  and  though  moving  with  even  greater  velocity  it 
is  as  completely  in  equilibrium  as  when  it  was  at  rest.  Thus  the 
motive  power  is  not  now  required  to  maintain  motion,  but  to  main- 
tain equilibrium  with  the  opposing  resistance,  for  the  body  being 
inert  has  no  power  of  itself  to  alter  that  state,  thus  the  equilibrium 
is  stable  whilst  the  power  and  the  resistance  remain  unchanged. 

TRIAL    TRIPS    IN    SHALLOW    WATER. 

As  we  reside  on  the  banks  of  the  shallowest  of  the  Great 
Lakes*  it  may  be  interesting  to  learn  a  little  more  about  the  ef- 
fects of  shallow  water  in  retarding  vessels,  especially  high-speed 
steamers.  Professor  Rankine  estimated  that  the  loss  caused  by 
shallow  water  waves  would  be  sensible,  even  when  the  depth  of 
water  was  five-twelfths  of  the  length  of  the  wave,  and  at  a 'depth 
equal  to  one-third  the  length  it  would  become  marked,  increasing 
rapidly  with  shoalness.     An  example  or  two  will  emphasize  this. 

Suppose  a  ship  to  have  a  speed  of  20  knots,  and  to  be  accom- 
panied by  waves  of  equal  speed,  which  would  be  about  225  feet 
long  from  crest  to  crest.  Then,  by  Rankine's  rule,  as  much  as  fif- 
teen fathoms  in  depth  would  exercise  a  sensible  check  upon  the 
wave  motion,  and  consequently  increase  the  resistance  of  the  ship; 
while  water  from  twelve  to  thirteen  fathoms  deep  would  cause  a 
very  serious  "drag."  If  the  speed  were  only  fourteen  knots,  the 
corresponding  wave  length  would  be  about  no  feet,  by  Rankine's 
rule  (five-twelfths  of  length)  the  retarding  effect  of  about  8  fathoms 
would  correspond  to  that  of  15  fathoms  in  the  20-knot  ship. 
These  examples  emphasize  what  was  said  above  respecting  the 
growing  importance  of  shoalness  in  view  of  the  high  speeds  now 
attained.  Increase  in  speed  in  a  vessel  of  a  given  size  being  ac- 
companied by  this  necessity  for  greater  depth  of  water  in  order  to 
prevent  serious  retardation,  it  will  be  obvious  that  when  increase 
in  size  and  draft  accompany  increase  in  speed,  that  necessity 
becomes  even  greater.     When  a  ship  is  driven  at  a  speed  where 


*The  depth  of  water  between  Cleveland  and  Detroit  varies  from  12  to  5 
fathoms. 
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the  resistance  increases  very  rapidly  with  increase  in  speed,  then 
the  retarding  effect  of  shoalness  becomes  more  marked.  Passage 
in  shoal  water  then  results  in  a  serious  check  to  the  speed,  and  fre- 
quently there  is  a  marked  change  and  increase  in  height  of  the 
wave  phenomena  surrounding  her. 

The  effect  of  relative  shoalness  of  water  has  been  very  marked 
on  the  speed  trials  of  some  recent  ships.  A  few  examples  out  of 
many  may  be  given.  A  torpedo-gunboat  of  the  Navy  was  run 
twice  on  the  same  measured  mile  on  the  same  day.  At  high  tide 
she  attained  a  speed  of  17.8  knots,  whereas  at  low  tide  the  speed 
for  the  same  horse-power  was  fully  half  a  knot  less.  The  maxi- 
mum depth  of  water  was  about  9  fathoms,  and  the  minim.um  about 
7  fathoms.  On  the  measured  mile  in  Stokes  Bay,  H.  M.  cruiser 
"Edgar"  required  13,260  H.  P.  to  attain  20.5  knots  in  12  fathoms 
of  water,  and  was  accompanied  in  this  shallow  water  by  consider- 
able wave  phenomena.  In  water  30  fathoms  deep  the  wave  dis- 
turbance was  much  less,  and  the  ship  attained  21  knots  with  12,550 
H.  P.  On  the  trials  of  the  cruiser  "Blenheim"  during  the  first 
hour,  the  depth  of  water  was  mostly  about  9  fathoms,  and  the  en- 
gine made  92.5  revolutions,  and  developed  15,750  H.  P.,  the  speed 
of  the  ship  being  20  knots.  Under  these  adverse  circumstances, 
the  wave  phenomena  were  more  striking  and  unusual.  Later  on 
during  the  same  trial  the  ship  ran  for  two  hours  in  water  from  22 
to  36  fathoms  in  depth,  the  same  power  was  developed  by  the  en- 
gines as  in  the  first  hour;  but,  in  consequence  of  the  greater  depth 
of  water  the  engines  made  96.5  revolutions,  and  the  speed  rose  to 
21.5  knots.  These  examples  illustrate  the  necessity  for  selecting 
measured  distances  having  an  appropriate  depth  of  water,  if  the  re- 
sults of  speed  trials  are  to  be  trustw^orthy. 
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WATEK   SUPPLIES   IX   SOUTHERN   CAUIF<)1?NU\. 


By  J.  L.  Van  Ornum,  Member  of  the  Engineers'  Club  of  St.  Louis. 


[Read  before  the  Club,  February  17,  1897.*] 
This  study  is  a  result  of  personal  observation  and  investigation 
in  the  San  Gabriel  and  San  Bernardino  Valleys,  California,  eighteen 
months  ago.  While  it  contains  examples  of  all  important  methods 
of  development  applicable  particularly  where  the  conservation  of 
water  is  especially  important,  as  the  impounding  system  at  the 
Bear  Valley  Dam,  the  development  by  submerged  dams,  as  in  Ver- 
dugo  Canon,  the  method  of  using  temporary  dams,  as  illustrated 
by  the  Riverside  Water  Co.,  the  collection  of  the  underground  flow 
by  means  of  pipes  with  open  joints  as  employed  by  the  Los  An- 
geles City  Water  Co.,  the  development  of  artesian  wells,  as  in  the 
San  Bernardino  supply,  the  use  of  ordinary  wells,  as  at  El  Monte, 
the  utilization  of  springs  and  surface  flow  of  cailons,  as  employed 
by  some  of  the  towns  of  San  Bernardino  on  the  west,  still  the  chief 
mode  of  development  is  by  tunnelling,  a  mode  more  extensively 
used  here  than  in  any  equal  extent  of  territory  in  the  Republic,  and 
perhaps  in  the  world. 

A  consideration  of  the  physical  characteristics  of  the  region  is 
necessary  to  a  clear  appreciation  of  these  works.  The  Sierra 
Madre  are  the  culminating  physical  feature  of  Southern  California. 
They  extend  for  about  one  hundred  miles  east  and  west  and  are 
from  perhaps  twenty  to  forty  miles  broad,  north  and  south.  Their 
elevation  varies  from  five  or  six  thousand  feet,  at  their  western 
limit,  to  nearly  twelve  thousand  at  their  highest  point,  which  is 
reached  at  Mt.  San  Bernardino  and  at  Greyback,  near  their  eastern 
end.  Ruggedness  and  steepness  of  slope  are  peculiar  characteris- 
tics of  these  mountains.  While  covering  a  considerable  area,  the 
valleys  included  between  their  ridges  and  peaks  are  generally  quite 
elevated  and  their  slopes  are  not  at  all  uniform  from  the  center  to 
the  circumference.  They  present  rather  the  appearance  of  a  great 
elevated  mass  reaching  at  their  edges  immediately  an  elevation 
approaching  to  the  elevation  of  the  whole  range.  In  other 
words,  from  a  plain  about  them  they  present  the  appearance 
of  a  great  mountain  mass  whose  immediate  walls  approach  sur- 
prisingly near  the  perpendicular.  There  being,  as  a  rule,  no  inter- 
vening ranges  between  the  Sierra  Madre  and  the  sea,  they  act 
♦Manuscript  received  February,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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really  as  a  barrier  to  the  moisture-laden  clouds  which  come  from 
the  Pacific  Ocean,  causing  them  to  precipitate  on  the  seaward 
slope  nearly  all  the  moisture  they  hold.  The  prevailing  winds  be- 
ing from  the  ocean,  this  side  of  the  mountains  is  that  which  holds 
the  rainfall.  After  passing  the  Sierra  Madre,  these  prevailing 
winds  have  lost  nearly  all  their  moisture,  and,  as  a  result,  beyond 
them  on  the  north  is  the  great  Mojave  Desert  extending  to  the 
Sierra  Nevada,  on  the  east  and  southeast  is  the  great  Yuma  Desert 
extending  to  the  Colorado  River  and  Mexico.  In  these  deserts 
the  rainfall  is  not  more  than  two  or  three  inches  per  year. 

The  Sierra  Madre  is  throughout  its  extent  so  complicated 
and  precipitous  that  nowhere  occurs  a  pass  with  the  exception  of 
the  Cajon  Pass  a  little  east  of  its  center,  through  which  extends 
the  main  line  of  the  Santa  Fe  Railroad.  Eastward  of  this  pass  the 
range  is  narrower  than  to  the  west.  Westward  of  Cajon  Pass  the 
mountains  present  the  appearance  of  two  nearly  parallel  ridges 
with  a  very  elevated  succession  of  valleys  between.  The  opening 
of  these  interior  valleys  is  through  the  southern  ridge,  making  trib- 
utary to  the  plains  on  the  south  the  larger  part  of  the  mountain 
range  as  a  source  of  water  supply.  On  the  south  of  the  Sierra 
Madre  lie  the  San  Bernardino  and  San  Gabriel  valleys  which  are 
considered  in  this  paper;  on  the  southwest  is  the  San  Fernando 
valley. 

Below  the  foothills  of  the  Sierra  Madre  the  plain  has  a  very 
steep  slope  for  a  distance  of  three  or  four  miles,  varying  from  fifty 
to  two  hundred  feet  or  more  per  mile.  Beyond  this  steeper  slope 
the  inclination  becomes  much  more  gradual  and  is  increasingly  so 
as  the  sea  is  approached.  The  rivers  and  streams,  like  all  those  of 
a  semi-arid  country,  are  the  largest  at  their  sources,  and  as  a  rule 
disappear  soon  after  reaching  the  plains.  During  the  rainy  season 
the  volume  of  water  is  at  times  very  great,  and  under  these  condi- 
tions the  surface  flow  extends  far  into  the  valleys  and  even  to  the 
sea,  but  as  a  rule  during  most  of  the  year  whatever  water  there  is 
below  the  mountains  is  underground.  In  the  valleys  the  streams 
are  generally  not  much  below  the  general  surface  and  are  fre- 
quently very  wide,  the  larger  river  courses  being  frequently  a  mile 
or.  more  in  width.  These  dry  river  beds  are  of  course  waste  lands, 
consisting  of  sand  and  gravel  on  the  lighter  slopes  and  stones  and 
bowlders,  sometimes  of  a  large  size,  where  the  steeper  slopes  occur 
next  to  the  mountains.  The  soil  in  general  in  the  valleys  is  very 
rich  and  productive,  varying  from  the  moist  lands  of  the  river  bot- 
toms and  near  the  sea  to  the  dry,  but  rich  and  lighter  soils  of  the 
higher  parts  of  the  valleys. 
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Tlic  rainfall  of  the  valleys  is  comparatively  light,  averaging 
from  ten  to  fifteen  inches  per  year  for  the  lower  part  of  the  valleys, 
while  at  the  base  of  the  mountains  it  is  in  the  vicinity  of  twenty 
inches.  As  the  higher  altitudes  are  reached  the  rainfall  becomes 
still  greater,  reaching  a  maximum  at  the  culminating  region  of  the 
Sierra  Madre  of  forty  inches  or  more  per  year.  For  the  whole 
southern  slope  of  the  Sierra  Madre  the  rainfall  averages  from 
twenty  to  thirty  inches  per  annum.  A  peculiarity  of  the  rainfall 
(which  is  noted  by  Wm.  Ham.  Hall  in  his  work  on  "Irrigation  in 
California")  is  its  concentration  on  mountain  and  hill  points  and 
passes.  The  city  of  Los  Angeles  is  situated  at  such  a  pass  at  the 
outlet  of  San  Fernando  valley,  with  hills  and  mountains  extending 
from  it  in  different  directions.  It  receives  a  downpour  of  from 
eighteen  to  twenty-two  inches.  In  the  valleys  surrounding,  the 
rainfall  is  not  much  more  than  half  this  where  the  elevation  is  the 
same  as  that  of  the  city,  and  it  is  not  much  more  on  the  hills  at  an 
elevation  considerably  greater.  The  vegetation  of  this  region  is 
such  as  one  would  infer  from  the  description  of  its  rainfall.  .  In 
the  valleys  little  but  cactus,  sage-brush  and  other  arid  growths 
occur  naturally  and  the  irfimediate  mountain  slopes  are  compara- 
tively bare.  Timber  large  enough  for  commercial  purposes  is 
found  only  in  the  highest  movmtain  valleys  where  the  maximum 
rainfall  occurs,  and  below  this  there  is  little  that  can  be  properly 
designated  as  a  timber  growth  except  the  cottonwoods,  sycamores 
and  other  such  trees  growing  in  the  caiion  bottoms. 

The  three  valleys  already  named  have  each  the  appearance  of 
a  great  ampitheatre,  the  San  Bernardino  valley  being  the  eastern- 
most. On  the  north  and  northeast  of  this  valley  lies  the  great  wall 
of  the  Sierra  Madre  already  mentioned,  to  the  southeast  are  spurs 
of  the  San  Jacinto  Mountains,  on  the  south  are  the  San  Jacinto 
Hills  and  Temescal  Mountains,  and  on  the  west  separating  this 
valley  from  the  San  Gabriel  are  the  Chino  Hills  and  San  Jose  Hills, 
all  these  last  mentioned  groups  of  hills  and  mountains  being  col- 
lectively known  as  the  Coast  Range.  This  valley  is  really  open 
only  on  the  west,  the  surrounding  mountains  on  the  other  three 
sides  being  high  enough  to  intercept  the  rain-bearing  clouds.  Mr. 
Hall  gives  its  extreme  length  east  and  w^est  as  37  miles  and  its 
width  27  miles,  with  an  area  of  about  524  square  miles. 

The  main  drainage  artery  of  this  valley  is  the  Santa  Ana  River. 
Its  head  waters  are  in  the  high  mountain  valleys  about  Mts.  San 
Bernardino  and  Greyback  and  the  slopes  for  many  miles  are  not 
great.  On  reaching  the  edge  of  the  mountains  these  streams 
plunge  from  an  elevation  of  more  than  four  thousand  feet  through 
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precipitous  canons  for  distances  of  ten  or  twelve  miles  down  to 
the  eastern  end  of  the  valley,  which  has  an  elevation  of  eighteen 
hundred  to  two  thousand  feet.  From  this  i)oint  the  slope  is  at 
hrst  very  high,  but  is  more  and  more  modified  as  the  river  passes 
southwestward  through  San  Bernardino  valley  until  it  breaks 
through  the  valley's  edge  in  the  Santa  Ana  Canon  of  the  Coast 
Range.  All  the  drainage  of  this  valley  reaches  the  Santa  Ana 
River  before  it  leaves  the  valley,  though  the  flow  is  usuallv  under- 
ground. The  San  Bernardino  valley  is  the  best  watered  of  all  in 
this  part  of  the  state,  the  tlow  from  its  streams  l)eing  often  at  the 
surface  for  several  miles  after  they  emerge  from  the  mountains. 
From  the  margins  of  this  valley,  nearly  to  the  line  of  'ts  arterial 
drainage,  water  is  obtained  from  the  mountains.  ( )n  the  lower 
lying  lands,  however,  the  ground  water  is  so  ])lentiful  and  ap- 
proaches so  near  the  surface  that  it  is  easily  obtainable  by  means 
of  wells,  and  not  infrecjuently  its  presence  moistens  the  land 
enough  so  that  no  irrigation  is  necessary. 

The  San  Gabriel  valley  lies  inmiediately  westward  of  the  San 
Bernardino  valley.  It  also  has  the  Sierra  Madre  on  the  north 
and  has  the  San  Jose  Hills  on  the  east,  the  Puente  Hills  and  San 
(ia])riel  Hills  on  the  South  and  the  San  Rafael  Hills  on  the  west. 
Mr.  Hall  gives  its  greatest  length  from  east  to  west  as  23  miles 
and  its  width  11  miles,  with  an  area  of  195  square  miles.  In  out- 
line and  general  characteristics  this  valley  is  much  like  the  San 
liernardino,  but  its  rainfall  is  greater  since  it  is  more  open  to  the 
rain-bearing  clouds,  and  yet  it  contains  very  little  area  of  naturally 
moist  lands.  The  San  (iabriel  River  is  the  main  artery  of  this 
valley,  having  its  head  waters  far  in  the  heart  of  the  Sierra  Madre, 
between  the  two  parallel  ridges  before  mentioned.  The  mountain 
course  of  this  stream  has  no  extended  and  elevated  mountain  val- 
leys as  has  the  Santa  Ana  River.  Its  upper  course  is  rather  a 
mountain  canon, — precipitous,  tortuous  and  rugged  throughout 
its  whole  mountain  course.  Debouching  at  the  plain  it  flows 
through  San  Gabriel  valley  in  a  southwestern  direction.  Collect- 
ing, as  it  goes,  all  the  lateral  streams  of  the  valley,  it  breaks 
through  the  hilly  edge  of  the  valley  at  Pasa  de  Bartolo  at  an  eleva- 
tion of  about  two  hundred  feet  above  the  sea,  having  a  fall  of 
about  four  hundred  feet  in  its  course  of  less  than  twelve  miles  fron\ 
the  mountains.  One  other  peculiarity  of  this  valley  nuist  here  be 
mentioned.  Beginning  at  the  extreme  western  edge  of  tlie  valley 
at  about  its  middle  point  north  and  south,  and  extending  north- 
eastward for  a  distance  of  perhaps  ten  miles,  is  a  great  fault  in  the 
earth's  formation  at  an  elevation  of  about  six  hundred  feet  above 
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the  sea.  North  of  this  tank  the  slopes  are  g'reat,  the  soil  is  porous 
and  light.  To  the  south  of  it  the  slopes  are  very  gradual  to  the 
San  Gabriel  River,  and  the  soils  are  heavy  and  dark.  Both  these 
valleys  have  been  settled  for  nearly  a  eentury,  and  the  Jesuit 
Fathers  inaugurated  systems  of  irrigation,  remains  of  which  can 
still  be  traced.  The  real  development,  however,  of  water  supplies 
has  been  mainly  within  the  last  fifteen  years. 

Settling  in  the  environment  just  described,  the  people  who 
came  to  these  most  attractive  valleys  found  that  the  problem  nec- 
essary of  solution  to  change  these  rich,  but  barren,  lands  to  pro- 
ductive ones  was  the  method  of  securing  and  applying  the  nec- 
essary water.  This  problem  was  decided  in  different  ways,  accord- 
ing to  the  particular  surroundings  of  each  case,  as  will  be  noticed. 

The  remarkable  Bear  V^alley  dam  in  the  heart  of  the  Sierra 
Madre  needs  no  extended  description  here.  It  has  an  elevation  of 
over  six  thousand  feet,  and  the  rainfall  in  this  valley  is  relatively 
enormous,  reaching  sometimes  an  amount  of  one  hundred  inches 
per  annum.  The  water-shed  is  forty  or  fifty  square  miles  in  area, 
and  the  dam  was  built  in  a  narrow  gorge  near  its  western  extrem- 
ity. The  engineer  who  constructed  it  gives  the  following  dimen- 
sions: Width  at  base,  22  feet  for  a  height  of  16  feet  (at  this  point 
it  was  narrowed  to  S^  feet  and  carried  to  an  additonal  height  of 
48  feet);  width  at  top,  3  feet,  and  the  radius  of  curvature  here,  335 
feet;  the  span  at  the  top  is  about  300  feet.  The  reservoir  covers 
two  thousand  acres,  impounding  twelve  billion  gallons  of  water. 
The  available  flow  is  about  twenty-five  hundred  miners'  inches  for 
a  year.  This  dam  was  constructed  in  1884  and  1885,  and  is  re- 
markable for  the  boldness  of  its  design.  Most  of  the  towns  east 
of  San  Bernardino,  as  Redlands,  Mentone,  Highlands,  etc.,  as 
well  as  the  surrounding  country,  receive  their  water  supply 
through  the  distributing  systems  extending  from  this  reservoir. 
Mr.  Copley,  of  San  Bernardino,  stated  that  the  intention  of  the 
company  owning  the  water  rights  in  the  Bear  A'alley  was  to  build 
another  dam,  from  wliich  the  water  is  to  be  led  by  a  tunnel 
through  intervening  mountain  spurs  to  the  opposite  side  of  the 
range,  and  so  furnish  a  supj)ly  for  the  nearer  portions  of  the  great 
Mojavc  Desert. 

The  Verdugo  Canon  Water  Company  is  developing  a  low- 
water  flow  in  Verdugo  Canon  by  means  of  a  submerged  dam. 
This  canon  is  just  outside  the  San  Gabriel  \  alley  on  the  west,  and 
has  an  area  of  about  twelve  miles.  Unlike  most  of  the  works  in 
this  region,  this  company  is  a  mere  association  of  water-users  not 
organized  under  the  Wright  law.     During  the  greater  part  of  the 
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year  there  is  a  surface  ticnv  large  enoifgh  to  su])ply  the  consumers, 
but  for  a  number  of  weeks  the  supply  is  short,  Ihus  necessitating 
artificial  works.  This  dam  was  built  in  the  bottom  of  Verdugo 
Creek,  where  the  hills  contract  its  bed  to  a  width  of  about  six  hun- 
dred feet.  The  trench  was  excavated  to  a  depth  of  from  ten  to 
twenty  feet,  and  a  centrifugal  pum]j  kept  the  ground  water  from 
interfering  with  the  progress  of  the  work.  A  pipe  with  open  joints 
above  the  intended  dam,  and  with  tight  joints  below,  was  first  laid, 
leading  to  the  distributing  system,  and  then  a  tight  wall  was  built 
from  the  solid  rock  at  the  bottom  to  near  the  surface  of  the  creek 
bed. 

The  water  which  supplies  the  city  of  Los  Angeles  conies  from 
the  San  Rafael  Ranch,  which  is  situated  at  the  outlet  of  the  San 
Fernando  valley,  where  the  Los  Angeles  River  breaks  through  the 
hills  forming-  its  southeastern  margin.  This  supply  system  was 
designed  to  secure  the  underground  flow  of  the  Los  Angeles 
River.  It  was  begun  in  1886  and  finished  in  1889.  The  collect- 
ing system  consists  of  two  lines  of  24-inch  sewer  pipe  laid  with 
open  joints  nearly  parallel  to  the  river  on  its  west  side,  at  a  dis- 
tance from  it  of  from  eight  hundred  to  twelve  hundred  feet.  The 
length  of  each  of  these  lines  of  pipe  is  thirty-six  hundred  feet,  and 
they  lead  into  an  open  well  at  the  southern  end.  They  are  laid 
about  twelve  feet  below  the  river  bed,  and  their  estimated  flow 
combined  is  eight  million  gallons  per  day.  Leading  into  the  same 
collecting  well  there  was  constructed  an  open  ditch  leading  to  a 
lagoon  farther  from  the  river  and  containing  many  living  springs. 
This  ditch  has  since  been  replaced  by  two  lines  of  16-inch  pipe  laid 
in  the  same  manner,  each  sixteen  hundred  feet  long.  These  sup- 
plementary pipes  have  increased  the  flow  about  two  million  gal- 
lons per  day.  From  the  collecting  well  the  water  is  piped  seven 
or  eight  miles  to  the  distributing  reservoirs  on  the  outskirts  of 
the  city,  and  from  them  into  the  distributing  system.  Although 
this  paper  deals  properly  only  with  water  supplies,  there  is  an 
interesting  feature  connected  with  the  method  pursued  to  keep 
the  water  in  these  reservoirs  ])ure.  The  reservoirs  are  not  cov- 
ered, and  consequently  in  the  warm  climate  there  is  a  tendencv  to 
luxurious  plant  growth.  Mr.  Alulholland  said  that  after  experi- 
menting for  a  considerable  time  with  difi'erent  methods  it  was 
found  that  the  most  effective  way  to  prevent  the  fouling  of  the 
water  was  to  permit  the  growth  of  one  particular  water  plant, 
which  prevented  the  nnfltiplication  of  all  other  noxious  growths. 
The  name  of  this  plant  was  not  known,  but  it  was  of  a  slender, 
fibrous  structure,  several  feet  in  length.     The  inconvenience  con- 
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nectcd  with  this  method  rcsiihed  from  the  fact  that  it  was  neces- 
sary to  remove  th'e  ])lant  itself  l)y  means  of  dra<j-chains  and  other 
similar  devices.  This  procedure  was  necessary  every  six  or  eioht 
weeks,  when  it  reaches  its  maturity. 

Some  of  the  most  desirable  lands  were  the  most  difficult  to 
supply  with  water.  This  refers  to  those  nearer  the  base  of  the  moun- 
tains, which  are  naturally  very  dry.  The  sub-surface  flow  being 
so  far  below  the  surface  that  it  is  entirely  beyond  reach,  the  all  but 
universal  method  followed  here  is  to  develop  the  water  forming  the 
underground  flow  of  the  canons  by  means  of  tunnels.  The  gen- 
eral principle  followed  in  such  constrtiction  is  to  start  a  tunnel  at 
or  near  the  surface  level  of  a  canon,  and  to  extend  it  in  a  direction 
up  stream  and  parallel  to  the  general  axis  of  the  canon  on  an  as- 
cending grade  of  ten  or  fifteen  feet  per  mile.  These  tunnels  do 
not  follow'  the  devious  courses  of  the  caiion  itself,  but  are  rather 
straight  in  design,  cutting  through  the  rock  walls  of  points  pro- 
jecting into  the  canon  and  jiassing  through  the  debris  of  the 
canon's  bed,  wdiere  it  successively  encounters  this  broken  ma- 
terial. By  reason  of  its  lighter  grade  the  tunnel  sc^mewhere 
reaches  the  bed  rock.  Although  the  canons  have  a  considerable 
slope,  the  length  of  tunnel  necessary  to  secure  this  result  is  often 
great,  because  of  the  depth  of  the  sand.  rock,  and  bowlders 
through  which  the  undergroimd  flow  passes  onward  and  is  ordi- 
narily lost.  The  prevailing  size  of  tunnel  is  simply  that  which  can 
be  most  easily  constructed,  being  about  six  feet  high  and  four  feet 
wide,  and  elliptical  in  shape.  The  portions  of  the  tunnel  which  are 
constructed  through  solid  rock  need  no  lining,  but  where  they  pass 
through  the  gravel  in  the  beds  of  the  streams  they  are  timbered 
as  is  necessary.  But  little  construction  has  been  effected  for  the 
last  eighteen  months,  on  account  of  the  uncertainty  concerning  the 
constitutionality  of  the  \\'right  law.  The  cost  of  tunnel  construc- 
tion has  l)een  surprisingly  low.  being  lately  $7  or  $8  per  foot. 

The  city  of  Pasadena  secures  its  supply  from  collecting  works 
at  the  Devil's  (late.  This  place  is  a  gorge  in  the  Arroyo  Seco, 
about  two  miles  west  of  the  city.  The  gorge  here  is  thirty  or  forty 
feet  wide  at  the  bottcjm.  and  seventy  or  eighty  feet  deep.  The 
hills  on  the  west  are  high,  and  the  eastern  side  is  formed  by  a 
])romontory  ])rojecting  into  the  stream  from  the  I'asadena  mesa. 
It  is  in  this  promontory  where  are  built  the  Pasadena  collecting 
works.  The  mouth  of  the  tunnel  is  on  the  southern  face  of  this 
])romontory  and  at  its  bottom,  it  was  designed  to  build  the  tun- 
nel through  the  ])romontory  for  a  distance  of  a  <|uarter  of  a  mile  or 
more  and  parallel  to  the  Devil's  (late  and  intercept  the  imder- 
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g^roiuid  flow  of  the  Arroyo  Scco  at  the  upper  end  of  this  o;-org-e.  In 
fact,  tlie  tunnel  was  first  so  constructed,  hut  the  ex])ected  mider- 
^Tound  flow  was  not  found.  (  )n  further  investij^ation  there  was 
found  cutting  through  the  promontory  and  paraHel  to  the  gorge  an 
old  channel  of  the  Arroyo  Seco,  which  had  since  become  filled  by 
detritus.  It  was  suspected,  from  the  lack  of  underground  flow 
through  Devil's  Gate,  that  this  flow  passed  through  the  detritus- 
filled  channel.  Consequently  a  branch  tumiel  was  l)uilt  extend- 
ing from  the  one  first  constructed  eastward  across  this  ancient 
course.  The  surmise  proved  correct,  and  a  flow  of  about  160 
miners'  inches  was  developed  l)y  this  last  branch,  the  total  length 
of  tunnel  through  which  the  flow  passes  being  about  one  thou- 
sand feet.  A  mile  or  so  below  Devil's  Gate,  in  the  west  side  of 
the  Arroyo  Seco,  are  two  tunnels  which  have  since  been  built  to 
increase  the  suppl}'.  These  were  designed  to  open  up  springs  in 
the  gravel  banks  by  giving  their  flow  less  obstruction,  and  so  in- 
creasing its  amount.  Each  of  these  tunnels  is  nearh-  six  hundred 
feet  long,  and  increases  the  supply  about  one  luuidred  inches. 
This  water  is  pumped  to  the  top  of  the  mesa,  whence  it  flow's  by 
gravity  to  join  the  general  system.  The  cit\'  of  l^asadena  and  the 
surrounding  ranches  are  supplied  from  these  sources. 

Lamanda  Park  and  the  great  ranches  to  the  northwest  are 
supplied  from  Precipice  Cafion.  This  canon  furnishes  a  reliable 
supply,  although  its  drainage  area  is  only  about  three  square  miles. 
The  supply  here  is  derived  from  several  different  tunnels.  The 
lower  one  is  a  few  hundred  feet  inside  the  gorge,  and  starts  as 
usual  at  the  surface,  extending  for  about  eight  hundred  feet  par- 
allel to  the  caiion  through  solid  rock.  It  then  angles  across  the 
stream  and  intercepts  the  tmderground  flow  at  bed  rock,  at  a  depth 
of  thirty-five  feet.  This  sujjplies  the  lower  lands  of  the  company. 
The  second  tunnel  is  al)out  nine  hundred  feet  long  and  entirely 
similar  to  the  first.  The  third  and  fourth  tunnels  are  only  aliout 
eighty  feet  long,  and  are  designed  (as  some  of  these  tunnels  are) 
to  merely  increase  the  flow  of  springs  or  seeps  in  the  sides  of  the 
caiion  by  opening  up  the  seams  in  the  rock  and  following  them  in 
whatever  direction  they  extend,  thus  giving  a  more  uninterrupted 
and  increased  flow.  Work  has  recently  been  progressing  at  the 
first  tunnel  by  extending  a  branch  designed  to  interrujjt  and  de- 
velop the  side  flow  of  a  detritus-filled  gulch  which  seemed,  from 
surface  indications,  to  possibly  carry  considerable  water  under- 
ground. It  happened  that  this  opinion  of  the  engineer  was  en- 
tirely right,  for  the  day  after  these  works  were  visited  a  flow  of 
twenty  inches  was  developed.     An  interesting  feature  connected 
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with  these  works  is  the  device  used  by  Mr.  Craig;,  the  engineer,  to 
raise  all  the  flow  from  the  second  tunnel  to  a  higher  level.  The 
elevation  at  the  mouth  of  this  tunnel  is  too  low  to  admit  of  the  use 
of  its  flow  where  it  was  found  desirable.  Thirty  or  forty  years  ago 
there  was  constructed  higher  up  the  canon  a  low  dam  to  intercept 
the  surface  flow.  A  small  tunnel  was  built  here  developing  water, 
which  was  also  held  by  the  dam.  This  water  w'as  utilized  to  irri- 
gate the  old  General  Johnston  Rainch,  but  the  volume  of  the  sup- 
ply long  since  became  inadequate.  On  account  of  its  height  of 
370  feet  above  the  second  tunne'  it  .was  thought  by  the  engineer 
that  the  head  thus  available  could  be  utilized  in  raising  the  water 
from  this  tunnel  the  necessary  thirt}-  feet.  This  flow  passes 
through  a  five-inch  pipe,  w'hich  at  one  point  is  contracted  to  about 
three  inches.  Just  in  front  of  this  contraction  there  is  placed  in 
the  center  of  the  five-inch,  pipe  a  three-eighths-inch  nozzle, 
through  which  passes  the  water  under  the  370-feet  head,  easily  rais- 
ing the  whole  flow  of  the  second  tunnel  the  desired  amount. 

The  towns  of  Aziisa,  Duarte,  and  Covina,  with  the  surround- 
ing region,  derive  their  supply  from  the  same  tunnel.  This  is  in 
the  San  Gabriel  Caiion,  its  mouth  being  about  one  mile  above  the 
entrance  to  the  gorge.  The  tunnel  is  twenty-eight  htmdred  feet 
long,  cuts  through  the  projecting  ridges  and  crosses  the  river 
once  where  it  is  lined  with  crib-work  of  8  by  8  inch  timber.  At  its 
upper  end  it  again  reaches  the  river  bed  at  a  depth  of  forty  feet 
below  the  surface.  Although  its  first  crossing  was  eighty  feet 
above  bed  rock,  it  was  hoped  that  on  encountering  the  river  the 
second  time  bed  rock  might  be  reached,  but  here  it  was  found  that 
that  rock  was  sixty  feet  beneath.  A  side  tunnel  was  constructed 
in  rock  parallel  to  the  stream,  from  which  two  different  spurs  were 
driven  across  the  stream,  again  hoping  to  encounter  rock  at  a 
less  depth,  but  with  no  better  results.  However,  this  second  cross- 
ing developed  a  flow  of  about  150  miners'  inches,  and  when  more 
becomes  necessary  it  is  intended  to  extend  the  tunnel  to  at  least 
another  crossing  of  the  stream.  Of  the  flow  developed,  Azusa  has 
six-tenths,  Duarte  three-tenths,  and  Covina  one-tenth. 

The  supply  of  Pomona,  derived  from  tunnels,  is  not  exten- 
sive. There  are  here  two  small  timnels,  one  giving  a  flow  of  per- 
haps 100  inches  and  the  other  150  inches.  Its  principal  source  is 
artesian  wells,  which  furnish  so  important  a  supply  near  San  Ber- 
nardino. Pomona  has  over  one  hundred  wells,  varying  in  depth 
from  150  to  180  feet. 

The  Ontario  Development  \\'orks  consist  of  a  tunnel  about 
four  thousand  feet  long  in  San  Antonia  Canon,  developing  about 
three  hundred  miners'  inches. 
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The  tunnel  sup])lyini:;-  the  Grapeland  Irrigation  Company  is 
not  yet  completed.  It  is  of  the  usual  plan,  and  extends  at  present 
about  two  thousand  feet  axially  up  the  Lytle  Creek  Valley,  where 
it  reaches  a  depth  of  fifty-six  feet  below  the  surface,  but  bed  rock 
has  not  yet  been  reached.  The  present  flow  is  about  120  inches. 
This  company  has  also  a  right  to  an  uncertain  proportion  of  the 
surface  flow  of  Lytle  Creek. 

Lytle  Creek  is  one  of  the  few  streams  which  has  a  continuous 
surface  flow.  In  August,  1895,  this  amounted  to  perhaps  three 
thousand  miners'  inches.  Rialio  and  the  surrounding  country 
own  ninety-six  inches  of  this  flow,  and  take  whatever  more  they 
wish  that  is  not  otherwise  claimed. 

In  ]Mill  Creek  Canon  there  is  a  200-foot  tunnel  which  was 
built  merely  to  open  up  a  slight  flow  from  a  spring  in  the  side  of 
the  canon  by  following-  the  seams  in  the  rock.  In  this  short  dis- 
tance the  surprising  flow  of  two  hundred  inches  was  developed. 
This  happy  result  of  developing  a  surface  indication  is  ncjt  always 
attained.  An  example  of  poor  success  is  furnished  at  Etiwanda, 
where  the  surface  indications  were  good  and  a  flow  of  two  hun- 
dred inches  followed  development  at  first.  However,  this  did  not 
last,  for  the  next  year  the  supply  failed.  The  reason  in  this  partic- 
ular case  was  probably  an  insufBcient  drainage  area  above. 

This  is  a  short  description  of  the  main  tunnels  developing 
water  for  a  distance  of  forty  or  fifty  miles  along  the  southern  foot 
of  the  Sierra  Madre.  They  furnish  water  to  ranches  and  towns, 
famous  far  and  wide  for  their  many  attractions  and  advantages, 
which  could  not  exist  without  such  water  development.  When  it 
is  noted  that  perennial  water  is  considered  worth  approximately 
$1,000  per  miners'  inch  (a  flow  equal  to  one-fiftieth  of  one  cubic 
foot  per  second),  the  real  significance  of  these  gushing  rocks  may 
be  appreciated. 

The  line  of  the  fault  described  in  the  first  part  of  the  paper 
furnishes  water  for  a  number  of  ranches  along  its  course,  as  well 
as  towns  below  it.  The  soil  above  the  fault  is  very  porous,  and 
holds  immense  ciuantities  of  water,  as  it  were,  in  a  sub-surface 
reservoir,  being  dammed  by  the  impervious  material  just  below  the 
fault.  The  volume  and  accessibility  of  this  water  may  be  judged 
by  the  experience  of  the  Pasadena  and  Pacific  Electric  Railroad 
Company.  Just  north  of  the  western  end  of  the  fault  this  com- 
pany excavated  a  well  eight  by  twelve  feet  in  size  and  twenty-seven 
feet  deep,  the  lower  seven  feet  of  which  were  in  quicksand.  A 
constant  flow  of  water  through  a  three-inch  pipe  is  drawn  from 
this  well.     Not  far  away  is  the  Pasadena  city  sewer  flushing  well. 
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This  is  six  by  twelve  feet  in  section,  twenty-one  feet  deep,  and 
just  touches  quicksand.  On  the  evening  it  was  visited  the  flow 
into  the  well  from  the  imprisoned  water  was  at  the  rate  of  22^ 
cubic  feet  per  minute.  The  inflow  is  always  greater  in  the  morn- 
ing than  at  evening. 

About  two  miles  east  of  the  wells  just  described  is  the  El 
]\Iolino  Caiion,  which  is  a  natural  gully  in  the  edge  of  the  mesa 
just  above  the  fault.  Here  are  eight  short  tunnels,  aggregating 
about  eight  hundred  feet  in  length,  all  of  which  were  driven  into 
the  gravel  for  the  purpose  of  increasing  the  flow  of  previously 
existing  springs.  The  aggregate  flow  is  perhaps  eighty  miners' 
inches.  Alhambra  and  the  surrounding  ranches  are  supplied  from 
this  source. 

The  town  of  San  Gabriel,  where  is  the  old  Jesuit  Mission,  is 
supplied  from  springs  on  the  line  of  this  same  fault  at  the  Wilson 
Ranch.  Here  there  are  no  development  tunnels.  The  town  of 
East  San  Gabriel  is  supplied  from  an  artesian  well  situated  also  on 
the  edge  of  the  mesa. 

The  region  of  this  fault  seems  to  offer  a  very  promising  field 
for  artesian  wells.  The  Shorb  Ranch  has  developed  such  wells 
most  extensively.  This  ranch  has  six  artesian  wells  just  north  of 
the  fault,  averaging  130  feet  deep.  From  just  below  the  mesa 
tunnels  are  driven  to  the  wells  for  an  average  distance  of  three 
hundred  feet  for  the  purpose  of  conducting  the  water  by  gravity 
from  them  to  the  distributing  system.  The  wells  themselves, 
however,  furnish  all  the  supply,  which  aggregates  about  one  hun- 
dred inches.  A  well  two  thousand  feet  north  and  three  hundred 
feet  deep  reached  water  at  a  depth  of  240  feet,  the  water  rising  to 
within  thirty  feet  of  the  surface. 

A  wholly  distinct  region  of  artesian  wells  is  that  in  the  vicinity 
of  San  Bernardino,  where  they  vary  from  60  to  120  feet  in  depth. 
San  Bernardino  itself  is  supplied  mainly  from  such  wells,  and  a 
number  of  towns  west,  as  well  as  Colton  to  the  south,  are  supplied 
from  similar  sources. 

Riverside,  the  oldest  extensive  fruit-growing  colony  of  South- 
ern California,  derives  some  of  its  supply  from  artesian  wells,  but 
by  far  the  greater  part  of  it  comes  from  the  surface  flow  of  the 
Santa  Ana  River.  This  is  diverted  from  the  river  bed  near  Col- 
ton by  means  of  a  surface  dam  of  brush  and  stone.  Permanent 
diverting  works,  in  the  shai)e  of  a  crib  dam,  were  first  attempted, 
but  floods  completely  destroyed  them.  Successive  attempts  were 
no  more  successful,  and  finally  the  temporary  structure  of  brush 
was  decided   uj^on   as  the  only  practicable   solution.     Of  course. 
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this  temporary  structure  washes  out  with  every  succeechng  flood, 
but  as  it  costs  only  about  four  hundred  dollars,  tiie  financial  con- 
sideration is  not  g^reat.  The  dam  is  only  four  or  five  feet  high, 
and  the  water  is  led  perhaps  a  third  of  a  mile,  where  advantage  is 
taken  of  an  available  head  of  six  feet  to  furnish  power  for  milling 
purposes.  The  self-registering  gauge  at  the  weir  indicated  a  flow 
through  the  main  ditch  of  about  three  thousand  inches. 

It  was  found  impracticable  to  put  any  masonry  dam  in  the 
Santa  Ana  River,  on  account  of  the  great -depth  to  bed  rock.  The 
nearest  approach  of  solid  foundation  to  the  surface  is  thirty  feet, 
and  this  location  is  far  below  the  necessary  site  of  a  dam.  Al- 
though the  fall  of  the  river  in  this  part  of  its  course  is  only  about 
three  feet  per  mile,  it  is  found  difBcult  to  maintain  permanent 
structures  founded  in  this  bed.  A  part  of  the  water  supply  conies 
from  the  Gage  ditch  on  the. east  bank,  which  is  carried  across  the 
river  on  a  flume  seven  thousand  feet  in  length.  This  flume  is 
supported  by  piles  driven  fourteen  feet  into  the  river  bed.  Since 
this  was  constructed,  during  one  of  the  spring  floods  the  whole 
river  bed  was  moved  down  stream  to  at  least  fourteen  feet  in 
depth,  in  such  a  way  as  to  carry  two  bents  of  the  trestle  seven  feet 
laterally.  This  movement  was  effected  without  disturbing 
the  perpendicular  position  of  the  piles  or  the  level  of  the  flume  at 
their  top.  Another  local  peculiarity  is  seen  from  the  present 
method  followed  in  lining  the  Riverside  Canal.  This  method  was 
discovered  in  the  attempt  to  decrease  the  great  expense  of  the 
lining  with  six-inch  stone  and  mortar  which  was  first  used.  It  is 
found  that  the  only  necessary  precaution  required  to  prepare  the 
earth  to  receive  the  three-fourths  inch  layer  of  mortar  directly  is 
to  spray  the  banks  with  a  water  jet,  in  order  to  form  an  irregular 
surface  to  which  the  mortar  will  cling.  The  lining  of  canals  pre- 
vents the  growth  of  vegetable  matter  in  them,  which  otherwise  is 
very  troublesome,  except  when  sand  occurs  in  suspension  to  pre- 
vent this.  Usually,  however,  the  water  is  clear,  and  the  lining  of 
the  canals  obviates  the  trouble  and  expense  of  cleaning  them  every 
fortnight.  Wherever  the  surface  slope  necessitated  a  fall  in  the 
line  of  a  canal  great  difficulty  was  encountered  in  preventing  the 
wave  motion  resulting  as  an  impulse  from  the  falling  water.  This 
wave  motion  was  very  destructive  to  the  canal  banks  which  were 
not  lined.  The  most  practicable  method  for  preventing  this  seemed 
to  be  the  construction  of  a  sort  of  well  into  which  the  water  might 
fall  and  the  waves  expend  themselves  here  before  flowing  onward 
in  the  canal.  It  was  found  difficult  to  adequately  line  these  walls  to 
prevent  the  caving  of  the  canal  banks,  and  its  undue  enlargement. 
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The  timber  work  put  in  for  this  purpose  was  invariably  destroyed. 
Other  attempted  solutions  also  failed.  Finally  the  water  itself 
solved  the  difBculty.  In  one  case  where  the  falling  water  had  been 
left  to  its  own  devices  the  company's  engineer  found  that  it  exca- 
vated its  own  proper  pit,  which  did  not  enlarge  beyond  a  certain 
small  extent,  and  now  the  company  lets  the  water  take  care  of 
itself,  merely  lining  the  sides  to  a  depth  of  eight  feet  below  the  sur- 
face. At  one  place  where  there  is  a  fall  of  forty  feet  the  falling 
water  formed  a  natural  bottom,  at  a  depth  of  seventeen  feet,  which 
the  water-cushion  of  the  pit  maintains  in  a  constant  position. 

The  above  account  describes  the  principal  water-supply  sys- 
tems of  these  two  California  valleys.  The  towns  and  ranches  of 
the  coast  plain  (between  them  and  the  ocean)  generally  have  a 
much  simpler  problem  in  securing  their  water.  The  lands  are 
moist,  and  the  drainage  arteries  from  these  valleys  just  mentioned 
carry  great  ciuantities  of  water  easily  obtained  either  from  the  sur- 
face or  sub-surface  flow.  The  cities  of  Santa  Ana,  Orange,  Ana- 
heim, etc.,  get  their  supplies  in  these  ways. 

Although  the  water  supplies  of  the  lower  parts  of  the  valleys 
and  plains  are  not  so  extensive  nor  so  vitally  necessary  as  in  the 
district  first  mentioned,  yet  such  developments  are  everywhere 
intimately  associated  with  the  growth  and  prosperity  of  all  this 
most  lovely  region  where  sunshine  holds  chief  sway,  though  water 
is  kin  Of. 
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ADDRESS  BEFORE  THE  MONTANA    SOCIETY  OF 
CIVIL   ENGINEERS. 


By  John  Herron,  Retiring  President. 


[Tenth  Annual  ^Meeting,  Great  Falls,  Montana,  January  9,  1897.*] 

The  constitution  of  our  society  provides  that  the  address  of 
the  retiring  President  at  the  annual  meeting  shall  be  a  summary  of 
engineering  progress  during  the  preceding  year. 

I  liave  thought  it  best  to  limit  so  much  of  these  remarks  as 
may  apply  to  engineering  progress  to  works  in  our  own  state, 
under  control,  in  great  measure,  of  members  of  our  own  society. 

The  President's  address  shall  also  contain  a  statement  of  the 
general  condition  of  the  society.  This  necessarily  would  be  a 
"csuinc  of  or  comments  on  the  annual  re])orts  of  the  Secretary, 
Li]:)rarian,  and  Treasurer.  I  shall,  in  connection  with  this  pro- 
vision of  the  constitution,  confine  myself  to  calling  the  attention 
of  our  memljers  to  certain  needs  of  the  society  and  of  the  duties 
owed  it  by  individual  members. 

While  in  the  country  at  large  there  has  been  a  dearth  of  en- 
gineering projects,  our  own  state  shows  considerable  progress  in 
the  way  of  permanent  improvements. 

The  limit  of  life  of  timber  structures  and  the  increased  de- 
mands of  traffic  and  competition  have  combined  to  transform  our 
railroads  from  temporary  makeshifts,  begotten  by  rapid  construc- 
tion in  an  unsettled  country,  to  an  appearance  of  stability  and  per- 
manency. 
*Manuscript  received  Februarj'  15,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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THE    NORTHERN    PACIFIC    RAILWAY. 

During  the  past  year  the  Northern  Pacific  Railway  has  been 
actively  engaged  in  the  improvement  of  its  permanent  way  in 
Montana.  In  addition  to  the  filling  up  of  several  small  trestle 
bridges,  three  of  the  larger  timber  trestles  have  been  replaced  by 
steel  structures.     These  are: — 

1.  Greenhorn  Gulch  Viaduct,  ly  miles  west  of  Helena;  length, 
579  feet;  height,  95  feet.  This  is  a  deck  girder,  with  31 -feet  tower 
spans  and  57-feet  open  spans.  Total  weight,  191  tons.  The  ped- 
estals and  abutments  are  entirely  of  concrete,  including  bearings 
and  caps  of  pedestals. 

2.  Austin  Gulch  Viaduct,  19  miles  west  of  Helena;  length,  493 
feet;  height,  95  feet,  with  same  general  construction  as  the  viaduct 
at  Greenhorn  Gulch.  Both  these  structures  are  on  a  2  per  cent, 
grade  and  10°  curves. 

3.  Flathead  River,  near  Perma  Station.  This  bridge  consists 
of  four  180-feet  through  steel  spans.  The  total  weight  of  the  struc- 
ture is  339  tons.  The  abutments  and  piers  are  of  concrete,  some  of 
the  piers  being  over  30  feet  high. 

The  work  of  lining  the  Mullan  Tunnel  has  also  been  com- 
pleted the  past  year.  This  work  was  described  by  Mr.  H.  C.  Relf, 
a  member  of  this  society,  in  a  very  interesting  paper  read  before 
the  society,  February  10,  1894,  and  published  in  the  transactions 
in  August,  1894.  Probably  the  most  interesting  feature  of  this 
year's  work  was  the  portals,  each  being  of  monolithic  concrete 
construction. 

Work  similar  to  that  done  at  Mullan  Tunnel  is  now  being 
prosecuted  at  Bozeman  Tunnel,  the  walls  being  of  concrete,  with 
brick  arch.  This  tunnel  is  about  3,650  feet  long,  and  probably 
one-half  of  the  masonry  work  will  be  completed  this  year. 

Other  work  being  prosecuted  this  year  in  the  state,  but  which 
will  not  reach  completion,  is:  Three  155-feet  through  spans  and 
one  56-feet  deck-girder  span  over  the  Yellowstone  River,  near 
Merrill;  two  girder  spans  of  70  feet  and  two  of  75  feet  over  the 
West  Gallatin  River  at  Central  Park  Station,  and  one  155-feet 
through  span  over  the  Thompson  River  at  Thompson  Falls. 

THE    GREAT    NORTHERN    RAILWAY. 

During  the  ]:)ast  year  the  new  terminal  yards  at  Clancy  and 
Woodville  have  been  completed,  and  the  rate  of  grade  against 
west-bound  traf^c  east  of  Clancy  has  been  reduced  from  a  maxi- 
mum 1.5  per  cent,  to  an  equated  0.85  per  cent.     Tjiis  work  re- 
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quired  the  making  of  66,000  cubic  yards  of  embankment  and  the 
removal  of  12,000  cubic  yards  of  excavation,  covering  a  distance 
of  3.66  miles  of  line. 

The  work  of  filling  the  trestle  bridges  between  Clancy  and  Butte 
requires  the  placing  of  684,000  cubic  yards,  of  which  198,000  were 
put  in,  and  the  completion  will  dispose  of  9,500  lineal  feet  of 
wooden  bridges  on  that  section. 

To  provide  waterways  for  the  above,  in  addition  to  work  done 
in  previous  years,  there  were  constructed  stone  box  and  brick  arch 
culverts  of  sizes  from  3'  x  3'  to  8  feet  arches,  amounting  to  3,000 
cubic  yards  of  stone  masonry  and  210,000  brick,  to  lay  which  re- 
quired 2,000  barrels  of  Louisville  cement.  The  stone  was  about 
one-half  sandstone  from  the  Great  Falls  quarries  and  one-half 
granite  from  the  Boulder  quarry.  The  brick  were  made  by  Kess- 
ler,  of  Helena. 

Other  waterways  for  filled  bridges  were  constructed  of  cast- 
iron  pipes,  of  which  there  have  been  placed  during  the  past  season 
3,064  lineal  feet,  in  sizes  varying  from  24  to  54  inches  in  diameter, 
with  a  total  weight  of  535  tons. 

The  more  important  waterways  which  are  being  or  have  been 
replaced  by  permanent  bridges  are  the  following: — 

1.  Bridge  98,  the  Corbin  Viaduct,  a  steel  structure;  length, 
6^2  feet;  height  above  masonry,  96  feet;  twelve  spans  32  feet,  two 
spans  48  feet,  three  spans  64  feet;  weight,  449  tons.  Foundations: 
Great  Falls  sandstone  laid  in  imported  Portland  cement,  amount- 
ing to  236  cubic  yards.  The  superstructure  is  designed  for  a  live 
load  of  two  136-ton  consolidation  engines  and  a  dead  load  equiva- 
lent to  weight  of  structure  -|-  450  pounds  per  lineal  foot.  This 
bridge  is  on  a  10°  curve  and  a  gradient  of  1.8  per  cent. 

2.  Bridge  164,  three  miles  east  of  Butte;  steel  structure; 
length,  400  feet;  height,  79  feet;  eight  spans  32  feet,  three  spans  48 
feet;  total  weight,  225  tons.  Foundations:  286  cubic  yards  of 
Boulder  granite  laid  in  Portland  cement. 

3.  Bridge  166,  two  miles  east  of  Butte;  steel  structure;  length, 
399  feet;  height,  43  feet;  one' span  16  feet,  two  spans  20  feet,  one 
span  23-!  feet,  six  spans  30  feet,  three  spans  34  feet,  and  one  span 
37^  feet;  weight,  185  tons.  Foundations:  310  cubic  yards  of  Boul- 
der granite  laid  in  Portland  cement. 

The  spans  of  all  these  bridges  are  deck-girders. 

THE    ANACONDA    COMPANY'S    HOISTING    ENGINES. 

A  very  important  addition  to  mechanical  advancement  in  the 
state  has  been  the  construction  of  two  hoisting  engines  for  the 
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Anaconda  Company,  at  Butte,  which  are  among  the  largest  en- 
gines used  for  hoisting  purposes  in  the  world.  They  were  built  by 
the  Union  Iron  Works,  of  San  Francisco.  Each  engine  consists 
of  one  left-hand  and  one  right-hand  compound  beam  engine,  con- 
nected with  the  reel  shaft  by  disc  cranks.  The  cylinders  are  ver- 
tical and  inverted.  There  is  one  high  pressure,  26  inches  in  diam- 
eter, and  one  low  pressure,  46  inches  in  diameter,  for  each  engine. 
The  pistons  are  connected  with  the  opposite  ends  of  the  beams  by 
piston  rods,  cross-heads,  and  links.  At  the  top  of  each  beam  one 
of  the  main  connecting  rods  takes  hold,  while  the  opposite  end  of 
the  rod  is  attached  to  the  crank-pin,  which  will  give  a  positive 
stroke  of  ^2  inches  to  the  pistons. 

There  are  two  reels  on  the  crank  shaft,  each  having  a  capacity 
of  about  a  mile  of  V'  x  8"  wire  rope,  whose  breaking  strain  is  more 
than  200  tons.  They  can  be  operated  independently  of  each  other 
or  in  balance,  as  desired.  Auxiliary  engines  are  used  for  working 
the  reel  brakes,  reel  clutches,  reversing  gear,  and  disc  brakes,  and 
to  handle  one  of  these  engines  in  all  of  its  requirements  the  en- 
gineer has  to  use  one  foot  and  seven  hand  levers. 

These  engines  weigh  approximately  400  tons  each,  and  de- 
velop 2,200  horse-power  at  60  revolutions  per  minute.  They  will 
hoist  a  load  of  32,000  pounds  at  the  rate  of  2,000  feet  a  minute. 

The  designing  of  the  engines  was  superintended  by  the  en- 
gineering department  of  the  Anaconda  Company. 

THE    GAGNON    ELF.CTRIC    RAILWAY. 

Tlie  Colorado  Smelting  and  Mining  Company,  of  Butte,  has, 
during  the  past  year,  done  away  with  the  wagon  haul  of  its  ores 
from  the  mine  to  the  smelter  by  the  construction  of  the  Gagnon 
Electric  Railway.  This  interesting  work  has  a  total  length  of  2.7 
miles.  At  the  Ciagnon  terminal  is  a  tunnel  254  feet  long  through 
the  waste  dumj).  This  tunnel  is  on  a  70°  curve,  and  has  a  grade 
of  3  per  cent.  At  the  reduction  plant  terminal  the  concentrator 
bins  are  approached  on  a  trestle  with  a  grade  of  2  per  cent,  and  a 
65°  curve. 

The  maxinuun  grade  for  loaded  cars  going  out  of  the  tunnel 
is  3  per  cent. 

Empty  cars  returning  up  Montana  street  have  a  maximum 
grade  of  10.62  per  cent.  This  grade  is  from  Park  street  to  the 
mouth  of  the  tunnel,  and  is  operated  by  an  electric  hoist  plant  of 
two  15-horse-power  Sprague  double  reduction  motors  established 
at  the  mouth  of  the  tunnel.  A  cable  is  attached  to  the  cars  at  the 
tunnel,  which  is  the  sunnnit  of  the  10.62  per  cent,  grade,  and  the 
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cars  are  then  let  down  as  far  as  I'ark  street.  At  this  point  the 
cable  is  detached,  and  the  cars  proceed  to  the  reduction  plant 
under  control  of  the  trolley  and  brakes,  havint^^  then  a  maximum 
down  grade  of  7.46  per  cent. 

The  cars  are  of  ten  tons  capacity,  and  are  operated  in  pairs. 
Each  is  supplied  with  two  [5-horse-power  motors,  and  the  power 
is  furnished  from  the  city  electric  plant. 

Track  and  wheel  brakes  are  on  each  car,  but  the  wheel  brakes 
are  ordinarily  sufficient  to  control  them,  the  track  brake  being  used 
only  in  emergencies.  The  electric  hoist  will  also  probably  be  done 
away  with,  as  the  combination  of  the  two  brakes  is  foiaul  to  be 
efficient,  even  on  the  10.62  per  cent,  grade.  The  line  is  owned  by 
the  Butte  Consolidated  Street  Railway  Company,  the  ore  being 
hauled  by  them  under  contract  with  the  Colorado  Company.  Mr. 
F.  W.  Blackford,  member  of  the  Montana  Society  of  Civil  En- 
gineers, had  charge  of  the  construction  of  the  line. 

WATER-POWER    PLANT    AT    GAYLORD. 

The  Parrot  Silver  and  Copper  Company,  of  Butte,  Mont., 
has  had  under  consideration  a  canal,  18  miles  long,  leading  from  a 
point  on  the  east  side  of  the  Jefferson  River  nearly  opposite  the 
old  town  of  Iron  Rod  to  the  new  town  of  Gaylord,  in  Madison 
county. 

The  canal  has  a  cross  section  of  about  125  square  feet.  The 
ordinary  section  on  table  land  is  20  feet  wdde  at  bottom,  30  feet 
wide  at  top,  depth  5  feet,  with  the  lower  levee  raised  2  feet  above 
water  level.  The  slope  in  the  cutting  is  i  to  i;  on  the  levee,  i^ 
to  I.  The  cross  section  in  rock  on  steep  side  hills  is  10  feet  in 
width,  carrying  8  feet  of  water,  with  a  slight  excess  of  grade  to 
compensate  for  the  diminished  area. 

The  grade  has  been  2^  feet  per  mile.  This  is  rather  excessive 
for  so  large  a  canal,  but  was  adopted  with  a  view  to  being  able  to 
work  it  hard,  should  occasion  require,  by  protecting  the  lighter 
soils  with  some  kind  of  rip-rap. 

The  quantities  of  classified  material  moved  have  been: — 

Solid  rock 12,000  cubic  yards. 

Loose  rock 37.ooo 

Earth 288,000 

Total    337.000 

About  350,000  feet  of  lumber  have  been  used  in  flumes, 
bridges,  heacf  gates,  and  overflows,  and  something  over  $15,000.00, 
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which  it  has  been  impossible  to  classify,  has  been  paid  out  on  force 
account. 

The  capacity  of  this  canal  will  range  from  15,000  to  18,000 
miners"  inches — dependent  somewhat  upon  the  thoroughness  with 
which  the  weaker  points  are  protected. 

The  prime  object  of  this  enterprise  is  to  furnish  power  for  the 
smelting  plant  of  the  Parrot  Company  now  being  erected  at  Gay- 
lord,  and  about  1,000  horse-power  will  be  developed  at  this  point. 

A  secondary  object,  however,  has  been  the  covering  of  the 
tableland  for  agricultural  purposes,  the  land  being  owned  very 
largely  by  friendly  interests  east  of  and  adjacent  to  the  company's 
plant. 

The  waters  of  the  canal  are  led  into  the  fore-bay  90  feet  above 
the  water  in  the  tail  race,  and  under  this  pressure  three  Victor 
turbines  are  being  placed,  each  with  a  capacity  of  500  horse-power, 
thus  having  one  in  reserve  while  developing  a  normal  of  1,000 
horse-power. 


I  had  hoped  that  I  could  include  in  this  rcsitinc  a  brief  ac- 
count of  several  other  works  of  interest  that  have  been  in  course 
of  construction  during  the  past  year,  but  I  have  not  succeeded  in 
collecting  the  information  desired. 

Among  the  more  important  of  these  are  the  Castle  Railway, 
the  new  Missouri  River  Dam  at  Canyon  Ferry,  and  the  new  water- 
power  plant  for  the  Peck-Montana  Company  at  Corbin. 

It  is  probable  that  the  society  will  be  favored  with  a  paper  on 
at  least  one  of  these  projects. 

It  has  occurred  to  me  that  the  one  industry  which  has  been 
carried  to  a  most  successful  outcome  in  this  state  has  never  been 
noticed  in  the  papers  presented  to  the  society.  I  refer  to  the  mill- 
ing and  smelting  of  ores  and  the  subsequent  refining  of  the  prod- 
uct. 

Our  membership  includes  men  who  have  made  a  life  study  of 
the  reduction  of  ores,  and  1  merely  suggest  that  the  construction 
of  the  great  reduction  plants  of  the  state  have  presented  engineer- 
ing features  which  should  be  made  public,  at  least  so  far  as  the 
profession  is  concerned.  It  might  be  remarked  that  the  Anaconda 
Company  alone  has  expended  a  half  million  of  dollars  the  past  year 
in  the  improvement  of  its  plant. 

I  wish  here  to  acknowledge  my  indebtedness,  for  information 
furnished,  to  F.  J.  Taylor,  Division  Engineer,  Northern  Pacific 
Railway;  J.  C.  Patterson,  Engineer,  Maintenance  of  Way,  Great 
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Northern  Railway;  C.  W.  Goodale,  of  the  Colorado  Smelting  and 
Mining-  Company,  of  Butte;  Joseph  H.  Harper,  civil  engineer,  of 
Butte,  in  charge  of  the  Parrot  Company's  work  at  Gaylord  (all  of 
whom  are  members  of  the  society) ;  Mr.  George  E.  Moulthrope,  of 
Butte,  and  3ilr.  (ieorge  S.  Ames,  of  the  Union  Iron  Works,  of  San 
Francisco. 

:^  ^  :^  ^  ^  :^  ii:  :}:  ^  :(c 

Xow  a  few  words  as  to  the  present  condition  of  the  society. 

Some  years  ago  I  was  one  of  a  minority  voting  on  the  ques- 
tion of  changing  the  name  of  the  society  by  leaving  out  the  word 
"Civil"  and  making  it  the  "Montana  Society  of  Engineers.''  I  still 
think  this  w^ould  be  a  wise  measure.  We  have  in  this  country  the 
American  Society  of  Civil  Engineers,  which  requires  for  full  mem- 
bership "the  ability  to  design,  as  well  as  direct,  engineering  work." 
For  a  national  society  it  is  fit  and  proper  to  so  limit  mem- 
bership, but  in  a  local  society,  which  admits  members  of  the  vari- 
ous engineering  families,  we  should  omit  the  word  "Civil"  in  our 
title  and  welcome  into  our  number  all  who  are  eligible  under  the 
provisions  of  our  constitution.  And  yet,  in  the  selection  of  our 
membership,  there  should  be  conservatism.  If  the  object  of  our 
society  is  to  promote  the  advancement  of  the  engineering  profes- 
sion, its  members  should  be  representative  men. 

No  matter  wdiat  is  a  member's  specialty — and  all  engineers  of 
to-day,  to  be  successful,  must  be  specialists — he  should  be  skillful. 
To  make  two  blades  of  grass  grow  where  but  one  grew  before ;  to 
increase  manufactured  power,  while  simplifying  the  mechanism 
which  produces  power;  to  save  time;  to  save  labor — these  are  the 
province  of  the  engineer,  and  in  understanding  the  natural  and 
physical  laws  which  govern  the  universe  he  dilTers  from  the  mere 
workman. 

The  writer,  however,  does  not  agree  with  those  who  would 
establish  a  wide  line  of  demarcation  between  the  engineer  and  the 
workman.  "Let  the  engineers  design  the  tools,"  they  tell  us,  "and 
let  the  workman  use  them."  To  me  there  seems  to  be  an  absolute 
necessity  in  the  knowledge  of  how  tools  are  to  be  used  and  what  is 
required  of  them  before  the  designer  gets  to  work. 

I  have  seen  and  you  have  seen  an  engineer  set  right  by  a  work- 
man under  him.  It  may  have  been  humiliating,  yet  docs  it  not 
show  that  there  is  something  wrong  in  the  preliminary  training  of 
the  engineer?  Why  should  not  a  manual  training  school  be  a 
proper  adjunct  to  a  school  of  engineering?  Why  should  not  a 
man  wdio  is  to  design  great  walls  of  masonry  know  how  to  use  the 
tools  of  the  mason? 
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It  is  this  lack  of  practical  knowledge  on  the  part  of  engineers 
which  so  often  antagonizes  employers  and  the  profession.  The 
man  wlio  furnishes  capital  may  admire  your  plans  and  elevations 
and  sections,  but  if  your  knowledge  is  theoretical  only,  he  will  hire 
another  to  do  his  work. 

To  direct  work  you  must  understand  the  details  of  the  work; 
you  must  know  how  to  use  the  tools. 

This  is  not  a  plea  for  "the  rule  of  thumb."  There  is  only  one 
right  way  to  do  work.  There  can  Ix'  no  deviation  from  the  rules 
prescribed  by  the  physical  laws  of  strength  and  power,  but.  to  the 
knowledge  of  these  laws,  let  the  engineer  add  plain,  every-day 
common  sense.  Let  him  learn  the  use  of  tools,  and  he  will  have 
less  fault  to  find  with  the  judgment  of  his  employers  and  with  the 
workmen  who  execute  wdiat  his  brain  has  planned. 

To  make  a  society  like  ours  successful,  there  should  be  more 
interchange  of  opinion.  Each  member  should  consider  it  his  duty 
to  contribute  information  for  the  benefit  of  all.  This  obligation 
has  been  well  expressed  by  Shunk  in  the  preface  to  his  admirable 
field  book.  "I  take  it,"  he  says,  "that  the  Father  of  mankind  has 
not  only  made  our  minds  to  hunger  for  knowledge,  as  our  bodies 
for  food,  but  has  also  imposed  upon  us  a  kindly  law  of  communion, 
by  virtue  whereof  we  cannot  do  otherwise,  without  violence  to 
generous  nature,  than  share  with  our  fellows  whatsoever  we  have 
learned  that  seems  new  and  useful."  Chaucer  says  of  one  of  his 
heroes  in  the  "Canterbury  Tales"  that  he  would  gladly  learn  and 
gladly  teach.  This  is  the  definition  of  the  true  scholar,  and  it 
should  also  apjily  to  the  members  of  this  and  similar  societies. 
While  we  fall  into  a  rut — become  specialists,  if  you  please — it  is 
necessary  for  a  liberally  educated  man  to  have  a  general  knowl- 
edge, ^'ou  must  measure  the  work  of  others  and  let  others  meas- 
ure your  work.  The  society  should  l)e  able  to  require  from  each 
member  according  to  his  ability  and  experience,  and  furnish  to 
each  member  according  to  his  needs. 

And  now,  in  retiring  from  the  presidency  of  this  society,  the 
right  may  be  accorded  me  of  giving  advice  and  of  endeavoring  to 
im])ress  on  the  members  present  the  one  important  duty  we  owe 
ourselves  and  our  profession — the  necessity  of  doing  our  work 
well.  On  this  rests  fame  and  all  worldly  success.  Yet,  surely,  it 
is  no  exaggeration  to  say  that  no  external  advantage  can  be  com- 
pared to  the  consciousness  that  the  work  that  has  been  given  us  to 
do  has  been  done  as  well  as  it  was  in  our  power  to  do  it.  If  you 
want  a  solid  foundation  for  your  structure,  go  down  to  rock. 
Convince  \otu-  employers  that  any  other  course  is  a  mistake.     If 


ADDRESS  BEFORE  MONTANA  SOCIETY..  149 

a  surveyor,  fet  your  closing  error  be  so  small  you  cannot  plat  it. 
There  is  always  some  one  to  check  you  up,  some  dav,  in  some 
manner  never  dreamed  of.  It  pays  to  do  work  well.  In  so  doing 
it  we  make  our  profession  the  exponent  of  that  philosophy  which 
produces  results,  and  which  Macaulay  calls  the  philosophy  of  fruit, 
''for  it  has  increased  the  fertility  of  the  soil;  it  has  spanned  great 
rivers  and  estuaries  with  bridges  of  form  unknown  to  our  fathers; 
it  has  lighted  up  the  night  with  the  splendors  of  the  day;  it  has 
accelerated  motion;  it  has  annihilated  distance;  it  has  facilitated 
all  despatch  of  business;  it  has  enabled  man  to  descend  to  the 
depths  of  the  sea,  to  soar  into  the  air,  to  penetrate  into  the  re- 
cesses of  the  earth,  to  traverse  the  land  on  cars  which  whirl  along 
without  horses,  and  the  ocean  in  ships  which  sail  against  the  wind. 
It  is  a  philosophy  which  never  rests.  A  point  which  yesterday  was 
invisible  is  its  goal  to-day  and  will  be  its  starting  point  to-morrow." 
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INDUSTRIAL  EI>UCATIOX. 


Bv  Geo.  W.  Dickie,  Member  of  the  Technical  Society  of  the 
Pacific  Coast. 


[Read  before  the  Societ}-,  December  4,  1896.*] 

When  you  invited  me  to  address  you  on  the  subject  of  Indus- 
trial Education,  I  accepted  readily,  on  the  condition  that  I  should 
be  perfectly  free  to  give  you  my  own  thoughts  on  this  great  ques- 
tion, not  from  the  teachers'  point  of  view  nor  from  the  humani- 
tarian standpoint;  but  my  desire,  as  far  as  I  am  able  to  clothe  it  in 
suitable  language,  is  to  give  you  my  experience  as  to  the  kind  of 
preparation  necessary  for  a  3'oung  person  to  undergo  in  order  to 
fit  him  or  her  to  fill  an  honorable  place  in  the  great  industrial  army. 

It  has  not  been  a  pleasure  for  me  to  prepare  this  address;  in 
fact,  there  is  no  other  subject  that  so  completely  accords  with  the 
saying  of  the  wise  man,  that  "he  who  increaseth  knowledge  in- 
creaseth  sorrow,"  for  the  more  one  studies  the  conditions  that  pre- 
vail in  the  industrial  world,  the  more  of  a  tragedy  human  life  ap- 
pears to  be. 

When  we  consider  the  fact  that  the  greater  part  of  mankind 
labors  under  the  constant  and  unavoidable  necessity  of  providing 
itself  with  daily  bread,  and  never  loses  an  opportunity  to  loudly 
protest  against  the  imposition,  is  it  not  sad  that  such  a  large  pro- 
portion of  men  live  by  bread  alone?  And  sadder  still  that  so  many 
live  for  bread  alone. 

Now,  this  is  not  the  natural  condition  of  mankind,  for  wher- 
ever industrial  conditions  have  improved  so  that  labor  is  not  so 
exacting  and  life-destroying,  and  wherever  intellectual  and  moral 
emotions  are  possible,  bodily  comforts,  difficult  as  they  are  to  ob- 
tain for  the  majority  of  mankind,  seem  small  and  mean  as  com- 
pared with  the  higher  wants  of  man's  nature,  but  the  bodily  wants 
must  be  actually  enjoyed  before  these  wants  are  felt.  Food  and 
clothes  appear  to  be  the  greatest  possible  blessings  to  the  hungry 
and  the  naked;  but  when  once  a  good  lining  for  the  stomach  and 
a  warm  covering  for  the  back  is  secured,  it  is  difhcult  to  recall  the 
deep  cravings  of  the  past,  or  even  to  exhibit  the  gratitude  that  we 
expected  to  feel  at  the  possibility  of  food  and  clothing  being  ours. 

I  think  we  can,  without  any  argument,  take  it  as  an  established 
fact  that  the  necessaries  of  life  come  to  the  great  majority  as  a  re- 
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suit  of  their  labor  in  the  production  of  these  necessaries,  or  in  the 
production  of  other  useful  and  valuable  things  that  can  be  ex- 
changed for  the  things  that  are  necessary  for  their  life.  That,  I 
think,  covers  the  whole  field  of  industrial  production.  Every  pro- 
duct of  industry,  therefore,  represents  so  much  labor,  or  rather,  I 
would  prefer  to  say,  so  much  life  expended,  and  if  its  value  when 
produced  will  not  procure  as  much  life  as  has  been  expended  in  its 
production,  the  life  expended  in  its  production  has  been  in  a  meas- 
ure wasted.  If,  however,  the  thing  produced  will  procure  in  the 
markets  of  the  world  more  of  the  necessaries  of  life  than  were  con- 
sumed in  its  production,  by  so  much  has  the  wealth  of  the  producer 
increased.  This  is  the  reason  why  producers  in  a  country  where 
life  is  maintained  on  the  consumption  of  only  what  is  absolutely 
necessary  can  give  their  industrial  product  in  exchange  for  so  little 
as  compared  with  a  country  where  the  maintenance  of  life  de- 
mands, as  necessary,  a  far  greater  range  and  quality  of  the  results 
of  industry. 

Now,  if  it  were  simply  a  question  of  unaided  human  capacity 
for  production,  coupled  with  the  actual  necessities  for  the  mainten- 
ance of  the  life  of  the  producer  in  a  condition  suited  to  the  work  of 
production,  the  problem  would  not  be  at  all  complex. 

But  man  has  an  intellectual  and  a  moral  side  to  his  nature,  as 
w-ell  as  a  physical  side,  and  on  that  account  his  knowledge  and  ex- 
perience is  accumulative,  and  his  wants  increase  with  the  develop- 
ment of  the  higher  nature. 

If  we  go  back  to  the  beginnings  of  his  accumulations,  we  find 
him  beginning  the  search  for  tools  to  help  him  in  the  struggle  to 
maintain  his  life,  learning  little  by  little  that  all  nature  was  but  his 
instrument  and  making  his  first  infantile  efforts  to  employ  her; 
making  weapons  of  bone  or  flint  to  protect  his  life  against  his 
stronger  enemies  of  the  brute  creation,  for  the  possibility  of  life 
must  come  before  its  comforts,  and  we  can  trace  this  stream  of 
human  effort  and  experience  down  through  the  ages  as  it  gathers 
force  bv  the  accumulations  of  generations  of  workers  who  have 
been  able  by  their  industry  to  do  a  little  more  than  support  their 
own  life,  and  by  so  much  have  been  able  to  enrich  and  expand  the 
tide  of  human  knowledge,  and  thus  this  stream  has  widened  and 
deepened  by  all  the  surplus  labors  of  the  past,  until  in  this  nine- 
teenth century  of  light  and  progress,  we  find  this  man  who  could 
barely  maintain  his  own  life  in  its  early  history  wielding  at  will  the 
phantom  of  steam  and  the  lightning  of  electricity,  compassing 
earth  and  sea  by  a  power  which  his  great  co-worker.  Nature,  was 
laying  up  for  him  in  deep  store-houses  securely  locked  until  his 
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industry  found  the  key,  at  the  time  when  his  naked  foot  first  trod 
the  earth  lie  was  destined  to  rule,  and  when  he  saw  the  necessity  of 
making-  liis  knowledge  and  experience  an  ever-growing  flood,  to 
be  enriched  and  added  to  by  future  generations,  he  found  a  way  to 
do  it  by  recording  all  the  best  of  his  knowledge  in  the  imperishable 
symbols  of  language  that  have  come  down  to  us  on  this  tide  of 
human  progress,  which  has  grown  so  great  and  so  complicated  in 
its  many  tides  that  great  masses  of  our  race,  instead  of  being  car- 
ried safely  on  its  bosom,  are  being  engulfed  in  its  mighty  torrents. 

So  our  inquiry  to-night  is  how  best  to  prepare  the  coming  in- 
dustrial army  of  men  and  women  for  the  position  they  are  to  take 
in  relation  to  this  rising  tide  of  human  progress,  for  they  must 
either  be  carried  by  it  to  better  conditions  or  hopelessly  swamped 
beneath  its  mighty  flood. 

What  kind  of  education  then,  shall  we  provide  for  the  youth 
whose  comfort  in  life  is  to  depend  entirely  upon  their  productive 
industry? 

In  this  inquiry  we  will  leave  out  those  whose  lot  in  life  is  to  be 
amongst  the  army  of  unskilled  labor;  that  army  is  divided  into  two 
great  divisions.  First,  those  who  carry  and  fetch  for  the  artisan, 
the  hewers  of  wood,  and  drawers  of  water  for  the  people,  the 
shovel,  and  barrow,  and  hod  men.  Second,  the  class  at  the  other 
end  of  the  social  beam,  whose  labor  is  entirely  for  their  own  amuse- 
ment, and  on  that  account  is  not  productive  industry;  in  fact,  it  is 
of  all  labor  the  most  useless,  and  therefore  comes  naturally  to  men 
without  being  taught.  The  first  of  this  class  of  unskilled  labor  is 
of  great  importance  in  most  industries,  and  how  the  conditions 
that  i)revail  in  their  life  of  toil  could  be  improved,  might 
form  the  subject  of  an  interesting  inquiry.  Labor-saving  machines 
of  all  kinds  are  lightening  their  burdens,  but  at  the  same  time  dis- 
placing them  in  vast  numbers,  so  that  the  mmiber  that  can  be  left 
in  this  class  is  fast  diminishing,  while  the  numbers  of  skilled  work- 
men required  is  constantly  increasing.  So  our  inquiry  as  to  how 
best  to  provide  recruits  for  the  industrial  army  is  a  highly  impor- 
tant one. 

This  in(|uiry  naturally  divides  itself  into  several  questions,  and 
these  I  will  state  and  endeavor  to  answer  just  as  they  appear  from 
my  standpoint.  Many  of  my  hearers  will  not  agree  with  me,  be- 
cause in  manv  points  my  answers  to  these  questions  are  directly 
opposed  to  the  published  views  of  many  of  our  advanced  teachers. 
They  are  also  dififerent  from  what  I  myself  would  like  them  to  be. 

On  the  question  of  trade  education  as  a  whole  my  experience 
does  not  at  all  agree  with   mv   idea  of  what   such   an  education 
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should  be,  and  this  to  n\v  is  the  painful  part  of  the  subject.  Were 
it  the  education  of  the  children  of  well-to-do  people  alone  that  had 
to  be  considered,  it  would  be  a  different  question ;  l)ut  it  is  the  chil- 
dren of  the  poor  that  complicates  the  question.  Those  children 
who  must  be  utilized  for  a  part  of  the  family  maintenance  before 
any  plan  of  industrial  education  can  touch  them. 

This  and  other  complications  will  claim  our  attention  as  we 
endeavor  to  solve  the  following  questions : 

1.  What  is  an  indtistrial  education? 

2.  At  what  time  of  life  should  it  be  imparted,  and  how  much 
of  life  is  to  be  given  for  its  acquisition? 

3.  In  what  way  is  this  education  to  be  acquired? 

4.  The  difference  between  learning  a  trade  and  a  technical 
education? 

5.  The  present  tendency  of  technical  education  and  its  effects 
on  the  industrial  workers? 

6.  California  industrially? 

What  is  an  industrial  education?  I  would  understand  such 
an  education  to  mean  that  the  person  who  had  received  it  attained 
to  such  a  degree  of  manual  dexterity  in  the  production  of  some 
industrial  article  that  would  enable  that  person  to  compete  success- 
fully with  others  in  the  production  of  any  article  in  the  making  of 
w  Inch  such  person  is  supposed  to  be  dexterous.  I  do  not  think 
that  anything  less  than  this  can  be  accepted  as  an  education  that 
will  fit  a  man  or  woman  to  secure  remunerative  employment  in 
any  industrial  establishment,  the  output  of  which  must  be  at  least 
equal  both  in  quality  and  quantity  to  any  other  competing  con- 
cern in  the  same  industry.  This  fact  appears  to  be  lost  sight  of 
by  those  who  have  schemes  that  they  desire  to  put  in  operation, 
which  are  to  result  in  every  graduate  turned  out  by  our  great  edu- 
cational machine  being  a  competent  workman  or  workwoman  in 
some  of  the  many  branches  of  industry,  and  this  is  to  be  done  in 
such  a  pleasant  way  that  the  scholars  will  be  skilled  artisans  with- 
out knowing  anything  of  the  painful  process  by  which  their  fathers 
learned  to  work.  In  other  words,  it  is  claimed  that  boys  and  girls 
at  school  can  be  taught  there,  during  the  intervals  of  rest  from 
mental  studies,  such  trades  as  are  practiced  in  the  various  indus- 
tries of  the  country  in  which  they  live,  so  that  when  they  leave 
school  they  can  at  once  begin  life  as  industrial  producers. 

At  this  point  the  teacher  and  the  practical  men  at  the  head  of 
our  industries  take  different  sides,  for  when  the  schoolmaster  thinks 
that  an  industrial  education  has  been  given  to  the  scholar,  the 
manufacturer  to  whom  the  scholar  applies  for  an  opportunity  to 
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put  his  skill  into  practice  will  not  admit  that  his  industrial  educa- 
tion has  even  commenced. 

The  invcstig-ation  into  the  merits  of  each  side,  which  might  be 
termed  the  school  side  and  the  shop  side,  leads  us  to  the  second 
question  in  our  inquiry:  At  what  time  of  life  should  this  industrial 
education  be  imparted,  and  how  much  of  life  is  to  be  given  to  its 
acquisition? 

This  question  is  very-  complicated,  and  in  order  that  you  may 
not  misunderstand  me  in  the  remarks  I  am  to  make,  I  must  again 
say  that  I  am  looking  at  this  question  as  it  afifects  the  children  of 
working  people,  w^hose  industrial  education  is  to  be  the  instrument 
whereby  they  are  to  procure  the  means  of  living.  If  this  instru- 
ment works  successfully,  they  will  live  and  may  be  happy;  if  not, 
they  will  starve  and  die.  "Then,"  says  the  schoolmaster,  "teach 
the  children  trades  in  the  schools,  so  that  when  they  graduate 
they  will  at  once  become  money-earning  factors  in  the  family." 

I  will  agree  with  the  schoolmaster  in  this,  that  the  industrial 
education  should  begin  early  in  life;  that  teaching  dexterity  of  the 
hand  in  certain  directions  should  be  co-incident  with  the  develop- 
ment of  the  mental  faculties.  But  as  the  school  days  of  working 
people's  children  are  necessarily  very  short,  owing  to  the  stern 
fact  that  physical  growth  needs  bread,  the  schoolmaster  is  forced 
to  decide  what  he  shall  teach  in  the  five  or  six  years  of  child-life 
that  is  entrusted  to  him. 

I  think  you  will  all  agree  with  me  that  the  intellectual  facul- 
ties must  be  awakened  early  in  life  if  that  life  is  to  experience  any 
of  the  joy  that  springs  from  mental  emotions;  besides,  even  in  the 
practice  of  industry,  the  man  must  have  learned  the  use  and  mean- 
ing of  the  symbols  that  express  his  own  language.  He  must  also 
be  able  to  express  his  own  thoughts  in  these  symbols ;  he  must  also 
know  all  the  symbols  by  which  quantities  and  values  are  expressed, 
and  be  able  to  readily  grasp  their  various  and  more  simple  combi- 
nations. In  other  words,  he  must  be  able  to  read,  write,  and  com- 
pute, and  this  much  education  must  be  imparted,  even  should  the 
knowledge  of  any  industry  in  the  school  days  be  thereby  rendered 
impossible.  In  some  children  the  mental  faculties  awake  slowly. 
We  get  many  boys  from  the  public  schools  to  learn  the  various 
trades  in  our  establishment,  and  it  is  astonishing  how  few  of  these, 
after  being  at  school  from  five  to  six  years,  can  read  clearly,  write 
correctly,  or  compute  beyond  the  most  rudimentary  stage.  This 
shows  that  these  absolutely-necessary  rudiments  of  education  are 
hardly  now  acquired  by  the  children  of  working  people  during 
their  short  school  life.     Now,  unless  the  state  is  to  support  the 
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scholar  as  well  as  the  school,  the  school  term  for  these  children 
cannot  be  extended,  and  we  are  forced  to  the  conclusion  that  edu- 
cation in  the  arts  and  industries  must  be  continued  into  the  bread- 
earning  period  of  their  lives. 

Still  I  will  admit,  in  fact  I  think  it  highly  necessary,  that  in- 
dustrial lessons  should  be  given  in  connection  with  their  mental 
studies,  and  I  am  further  sure  that  such  lessons  would  be  a  great 
stimulus  to  the  mental  faculties. 

And  this  leads  to  our  third  question:  In  what  way  is  this  edu- 
cation to  be  acquired? 

We  have  noticed  that  there  are  certain  items  of  instruction 
that  must  be  imparted  at  the  school  or  they  never  will  be  acquired 
at  all;  but  while  these  are  being  instilled  into  the  young  mind,  the 
scholar  can  be  at  the  same  time  introduced  into  the  field  of  indus- 
try. The  text  books  might  consist  largely  of  industrial  history 
and  biography.  Object  lessons  on  practical  industry  could  be  pre- 
sented in  such  a  way  to  him  that  he  could  follow  industrial  pro- 
cesses, and  the  kind  of  work  that  he  felt  the  greatest  pleasure  in 
observing  would  be  an  indication  to  the  teacher  as  to  the  direction 
his  studies  should  take. 

With  the  gradual  extinction  of  small  industries  conducted  by 
the  workers  therein  themselves,  and  the  rise  of  great  industrial 
concerns,  employing  thousands  of  people  within  great  buildings 
closed  to  all  except  those  who  work  therein,  and  open  to  them  only 
in  the  one  department  in  which  they  labor,  the  children  of  our  time 
have  lost  what  was  a  mighty  moulding  factor  in  the  lives  of  our 
fathers.  I  never  realized  how  much  I  owe  to  the  fact  that  all  my 
spare  time  when  at  school  was  spent  in  my  father's  workshops  until 
my  own  boys  were  growing  up  around  me  without  any  such  op- 
portunities. 

The  subdivision  of  labor,  while  it  is  a  great  economical  factor 
in  the  cost  of  production,  has  a  terribly  dwarfing  effect  on  the 
minds  of  the  producers,  and  the  education  of  the  young  people 
should  be  directed  to  giving  them  broad  comprehensive  views  of 
the  scope  of  the  industry  in  which  their  lives  are  to  be  spent. 

The  school  should  not  aim  to  produce  skilled  workers  in  the 
production  of  some  single  piece,  that  multiply  it  as  you  may,  never 
fills  the  mind  of  the  producer  with  the  sense  that  he  has  produced 
any  complete  thing  of  usefulness  or  value  to  his  fellowmen.  Skill 
in  piece-work  will  be  imparted  soon  enough  by  those  who  are  to 
profit  by  it.  Teach  the  boy  at  school  all  the  past  history  of  the 
industry  he  is  to  work  in;  place  at  his  disposal  that  vast  heritage 
of  experience  that  his  fathers  have  accumulated  for  the  use  of  the 
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coming-  generation  of  workers.  This  the  schoohiiaster  can  do,  and 
do  successfully,  and  when  that  is  done  the  young  people  will  come 
into  our  industries  with  higher  aims  than  they  do  now,  and  their 
hearts  will  be  more  in  their  work,  for  they  \vill  then  be  able  to  im- 
derstand  what  is  the  part  they  perform  in  the  completed  product 
in  which  they  labor. 

Here  I  think  it  might  be  appropriate  for  me  to  say  the  one 
thing  I  never  miss  the  opportunity  of  saying  when  my  subject  leads 
to  it,  and  it  is  this:  That  in  connection  with  the  industrial  education 
of  the  working  youth  of  our  State,  we  ought  to  establish  in  the 
metropolis  of  the  State  an  industrial  museum,  where  all  our  natural 
products  and  the  processes  by  which  they  can  be  converted  into 
marketable  articles  would  be  exhibited  in  their  proper  sequence, 
and  illustrative  of  their  historical  development. 

Th  City  of  Philadelphia  has  set  aside  thirty  acres  of  land  in 
the  heart  of  that  great  industrial  center  for  museums  of  art,  of  sci- 
ence, and  commerce,  and  has  also  voted  a  large  sum  of  money  to 
begin  the  work. 

The  State  of  Pennsylvania  has  also  voted  money  toward  the 
object  of  these  great  educational  enterprises. 

To  my  mind  the  Industrial  Museum  of  Edinburgh,  represent- 
ing the  industries  of  Scotland,  is  the  greatest  educational  institu- 
tion in  Europe  to-day,  instructing  by  observation  those  who  have 
neither  time  nor  opportunity  to  study  through  books  the  history 
and  processes  of  an  industry. 

Here  the  raw  material,  for  instance  a  specimen  of  iron  ore,  is 
shown,  going  through  all  the  manipulations  that  transform  it  into 
the  many  articles  of  value  in  which  we  find  iron  in  the  metal  mar- 
kets of  the  world,  and  with  the  new  value  that  each  process  gives 
it  distinctly  marked,  so  that  the  student  can  see  the  effect  of  labor 
in  creating  these  values.  Or  a  bunch  of  flax  stalks  is  shown  at  one 
end  of  a  table  w'ith  its  value  marked,  and  the  student  of  textiles  can 
follow  it  through  all  the  manipulations  of  steeping,  stripping,  heck- 
eling,  drawing,  spreading,  roving,  spinning,  bleaching,  winding, 
weaving,  calendering,  etc.,  until  he  reaches  the  finest  cambric,  with 
the  new  value  that  labor  has  imparted  shown  at  each  stage. 

We  need  an  institution  like  this  to  bring  the  wealth  of  the 
world's  industrial  experience  within  the  grasp  of  the  coming  gen- 
eration, for  the  sum  of  human  experience  has  become  too  great  to 
teach  by  any  other  method.  The  school  time  for  the  great  bulk  of 
workers  cannot  be  lengthened,  though  the  sum  of  knowledge  has 
increased,  so  the  slower  methods  of  teaching  must  give  place  to 
l)ractical  demonstrations  that  can  be  grasped  in  blocks,  as  it  were. 
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Otherwise,  the  tide  that  a  man  could  ford  a  generation  ago  would 
engulf  us  now  should  we  attempt  the  old  fords. 

Now  I  think  you  are  prepared  to  hear  me  say  that  I  do  not 
think  that  schools  should  attempt  to  teach  a  trade.  We  cannot 
dispense  with  the  great  rudimentary  beginnings  of  knowledge  that 
every  child  must  receive,  and  with  it  a  general  knowledge  of  any 
industry  that  suits  the  scholar,  can  and  ought  to  be  imparted.  But 
to  learn  a  trade,  all  the  commercial  elements  that  surround  that 
trade  must  be  learned  wath  ability  to  handle  the  tools  of  production. 
This  kind  of  instruction,  in  my  opinion,  can  be  acquired  in  one 
way  only,  and  that  is  by  serving  a  regular  apprenticeship  in  an  in- 
dustrial establishment,  where  the  product  must  meet  competition  in 
the  market.  Here  the  youth  not  only  learns  to  use  his  hands  to  the 
best  advantage,  but  what  is  of  more  lasting  importance,  the  qual- 
ity of  endurance.  His  place,  though  at  first  it  may  be  a  very 
small  one,  must  never  be  vacant.  He  is  expected  to  be  there  when 
the  whistle  blows  in  the  morning  and  remain  there  until  it  blows  at 
night,  and  on  every  working  day  in  the  year;  otherwise  the  work 
would  be  disorganized.  So  the  sense  of  responsibility  and  devo- 
tion to  duty  is  acquired,  along  with  the  ability  to  produce  work  in 
a  commercial  sense. 

These  qualities  can  never  be  acquired  at  any  trade  school; 
there  the  ability  to  do  a  thing  is  all  that  is  possible,  but  to  do  it 
commercially  has  never  been  thought  of. 

Some  time  ago  a  prominent  professor  in  a  technical  school 
showed  to  me  a  piece  of  work  done  by  a  young  man  at  school,  aged 
nineteen.  It  was  a  bar  of  steel  one  and  one-quarter  inches  square, 
about  nine  inches  long,  squared  on  each  face  and  on  the  ends,  and 
having  a  key-hole  through  one  end  and  a  taper-pin  hole  through 
the  other  end.  Now,  this  was  not  a  part  of  any  specific  machine, 
it  was  simply  an  exercise  in  the  handling  of  tools.  I  asked  the 
professor  how  quickly  the  young  man  got  through  with  this  piece 
of  work.  "This,"  said  he,  "was  the  exercise  for  the  term  of  twelve 
weeks,"  and  he  pointed  out  how  well  the  work  had  been  done. 
"But,"  said  I,  "professor,  there  is  one  very  important  matter  that 
you  forgot  about  in  your  satisfaction  at  the  result  of  this  young- 
man's  labor,  and  that  is  the  commercial  element.  This  piece  of 
work  he  has  exercised  on  for  three  months  is  worth  for  labor  just 
$1.75,  and  would  be  produced  in  the  shop  by  any  young  man  of  his 
age  in  about  four  hours. 

Now  there  is  no  particular  harm  in  this  kind  of  thing  being- 
done  simply  as  a  school  exercise,  provided  it  is  not  considered  as 
learning  a  trade,  and  provided  that  the  time  thus  occupied  is  not 
13 
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being-  deducted  from  the  bread-earning  portion  of  the  young  man's 
life.  " 

The  boy  or  girl  who  is  to  live  by  working  in  any  industrial 
trade  should  begin  their  bread-earning  work  not  older  than  six- 
teen. If  before  then  they  have  learned  anything  of  the  trade  they 
are  to  follow,  it  should  be  in  the  direction  of  general  knowledge  of 
the  scope  of  that  trade  and  its  relation  to  the  industries  of  the 
country.  The  narrower  and  more  personal  matter  of  being  able 
to  earn  a  living  therein,  will  be  best  acquired  in  working  out  the 
daily  tasks  of  the  workshop,  and  at  twenty-one  that  young  person 
should  be  able  to  hold  his  own  in  competition  with  other  pro- 
ducers, and  should  be  able  to  earn  what  a  day's  labor  is  worth  in 
that  trade. 

This  leads  us  to  the  fourth  question  of  our  inquiry:  The  dif- 
ference between  learning  a  trade  and  a  technical  education. 

It  would  be  a  grand  thing  if  every  working  man  could  have  a 
technical  education,  so  that  the  qualities  and  chemical  constituents, 
with  a  knowledge  of  all  the  manipulations  through  which  all  the 
material  he  handles  goes  to  prepare  it  for  use,  would  be  familiar  to 
him.  If  he  were  able  to  understand  all  the  co-relations  of  the 
things  and  the  forces  that  come  into  play  in  the  trade  at  which  he 
works,  he  would  no  doubt  be  more  of  a  man  than  he  generally  is ; 
but  the  attainment  of  such  knowledge,  owing  to  the  necessities  of 
daily  bread,  if  it  comes  to  him  at  all,  must  come  through  his  own 
efforts  and  at  the  sacrifice  of  his  leisure  hours  to  his  thirst  for 
knowledge. 

That  such  a  knowledge  is  possible  for  working  men  is  proved 
by  the  fact  that  so  many  obtain  it  in  this  way,  and  is  valued  and 
cherished  just  in  proportion  to  what  it  has  cost. 

Technical  education  differs  from  a  trade  education  in  that  the 
latter  is  the  education  of  the  hand  to  be  dexterous  in  production, 
and  the  head  in  the  necessary  knowledge  to  guide  the  hand;  while 
the  former  is  the  education  of  the  mind  to  solve  problems,  to  ex- 
periment with  the  qualities  of  materials,  to  measure  and  direct 
forces  and  teach  the  hand  and  eye,  the  conning  art  of  design. 

A  technical  education  cannot  be  acquired  in  the  workshop; 
such  an  education  means  technical  schools,  especially  designed  to 
meet  the  requirements  of  the  people;  in  fact,  the  scientific  courses 
and  engineering  courses  at  our  universities  to  a  large  extent  meet 
the  requirements  of  the  technical  student;  but  to  make  it  possible 
for  the  young  man  learning  a  trade  in  any  of  our  workshops  to  ac- 
quire a  technical  education  that  would  enable  him  to  aim  at  the 
highest  position  in  that  trade,  technical  schools  should  be  in  ses- 
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sion  when  he  is  not  at  work,  so  that  he  may  have  all  the  helps  pos- 
sible in  his  strug-gle  to  reach  the  goal,  and  these  should  be  within 
easy  reach  of  his  living  quarters,  so  that  he  would  not  lose  time  by 
the  way. 

Hence  schools  or  colleges  for  instruction  in  the  arts  and  sci- 
ences relating  to  trades  by  which  the  people  live  should  be  located 
in  the  centers  of  these  trades,  so  that  the  education  they  ofifer  will 
be  within  easy  reach  of  the  workers.  For  the  fact  must  never  be 
lost  sight  of  that  the  great  bulk  of  the  young  people  must  work  in 
•order  to  live. 

I  had  many  a  discussion  with  the  late  Senator  Stanford  on  this 
point,  he  saying  that  his  aim  was  to  make  a  scientific  education 
possible  to  every  workingman's  son.  Then  I  would  tell  him  thai 
his  proposed  institution  of  learning  nn;st  be  planted  next  door  to 
the  workshop  and  must  be  run  when  the  shop  stops,  otherwise 
workingmen's  sons  would  never  get  to  his  university. 

Workingmen,  if  they  have  sons  at  all,  are  apt  to  have  five  or 
six  of  them,  and  it  is  fortunate  that  it  is  so,  otherwise  our  indus- 
tries would  stop  for  want  of  men.  But  suppose  a  workingman 
with,  say  five  sons,  all  desiring  to  go  to  the  Stanford  University. 
The  very  least  it  costs  to  keep  a  young  man  there  is  $30  per  month; 
and  suppose  the  gross  earnings  of  the  father  is  $75  per  month, 
(vhich  is  above  that  of  the  average  tradesman.  It  needs  no  figur- 
ing to  show  the  impossibility  of  his  sons'  going  to  Stanford,  unless 
they  are  of  the  stufT  that  sometimes  forces  itself  through  a  uni- 
versity without  funds.  But  the  university  can  only  stand  this  as 
an  exception  to  the  rule.  So  the  great  university  that  Stanford 
has  founded  to  benefit  the  sons  of  workingmen  is  filled  with  stu- 
dents largely  from  other  States  whose  parents  are  able  to  keep 
them  at  a  university. 

The  British  method  of  polytechnic  schools  scattered  amongst 
the  great  industrial  centers,  each  adapted  to  the  requirements  of 
the  particular  trades  of  the  district,  where  the  instruction 
is  largely  by  lectures  and  museums  of  industry,  comes  nearest  to 
meeting  the  wants  of  the  workingmen,  and  they  have  been  a  great 
elevating  power  wherever  they  have  been  established. 

The  development  of  technical  education  during  the  past  ten  or 
fifteen  years  has  been  one  of  the  marked  features  in  the  progress 
of  general  education.  Vast  numbers  of  young  men  are  graduating 
yearly  from  our  universities  and  scientific  schools.  Some  with  a 
little  knowledge  of  how  to  use  tools,  but  the  majority  with  a  purely 
technical  education.  These  men  expect  to  obtain  places  in  indus- 
trial establishments.     Many  of  them  have  influence  through  friends 
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to  make  openings  for  their  admission,  and  in  time  turn  out  to  be 
bright  and  able  men.  Few  of  them  care  to  go  into  the  shops  and 
learn  to  work,  'their  ambition  being"  to  get  charge  of  departments 
or  engage  in  designing. 

Those  who  do  go  into  the  shops,  thereby  gaining  a  practical 
experience  in  actual  work,  combined  with  the  technical  education 
acquired  in  the  schools,  are  the  men  we  are  likely  to  find  at  the 
heads  of  future  industrial  establishments.  This  class  of  men  are 
a  new  element  in  the  industrial  field  of  labor,  the  full  effect  of  which 
is  not  yet  felt.  Its  tendency,  however,  is  to  create  classes  in  the 
ranks  of  industry. 

The  apprentice  boy  whose  parents  require  his  help  as  soon  as 
he  has  acquired  the  physical  strength  to  give  it,  to  provide  the 
family  daily  bread,  finds  between  him  and  the  places  that  used  to  be 
the  ambition  of  the  best  bo}S  to  reach,  an  army  of  university  gradu- 
ates, who  could  not  do  the  work  he  is  now  doing,  but  who  are  well 
equipped  with  the  kind  of  knowledge  that  he  lacks  in  order  to  fit 
him  for  the  place  he  aspires  to.  The  mathematical  problems  that 
he  struggles  with  so  laboriously  in  his  lesson  hours,  that  come  so 
slowly  to  his  untrained  brain,  are  but  simple  equations  to  the  tmi- 
versity  man.  So  he  sees  the  places  of  trust  and  honor  filled  up 
before  he  is  able  to  fit  himself  in  such  a  way  as  will  command  recog- 
nition; so  he  loses  heart  and  hope,  gives  up  the  fight,  and  sinks 
back  to  his  position  at  the  bench,  where  he  remains,  a  more  dis- 
contented worker,  because  a  disappointed  one. 

Of  course  the  great  bulk  of  men  in  the  industrial  army  must  be 
privates,  no  matter  what  kind  of  education  may  be  given  to  them. 
The  great  tendency,  however,  at  present  is  to  of^cer  this  army,  not 
from  the  best  soldiers  in  the  ranks,  but  to  have  a  distinct  class  spec- 
ially trained  for  officers.  This  is  the  inevitable  result  of  technical 
education.  Those  who  can  afford  to  thus  train  their  young  peo- 
ple usually  have  some  influence  by  which  they  are  able  to  place 
them  in  the  staff  of  some  industrial  concern,  and  thus  open  tlie  way 
for  their  future  progress  if  they  have  any  ability. 

What  our  public  benefactors  ought  to  aim  at  is  to  place  within 
the  reach  of  the  boy  who  nuist  work  for  bread  the  best  means  pos- 
sible for  him  to  acquire  the  technical  knowledge  for  a  thorough 
mastery  of  his  own  trade  in  all  its  details.  Such  means  must  be 
brought  to  the  boy,  as  his  time  is  very  limited,  and  degrees^of  pro- 
ficiency should  l)e  conferred  upon  successful  students,  so  that  the 
evidence  of  their  progress  would  be  manifest  to  those  who  have  the 
power  to  place  them  in  the  positions  for  which  they  have  worked 
so  hard  to  fit  themselves. 
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It  might  be  inferred  from  what  I  have  said  that  I  am  opposed 
to  university  graduates  coming  into  our  industrial  establishments 
and  filling  the  best  positions,  but  such  is  not  the  case.  I  am  only 
pointing  out  the  tendency  to  a  dividing  up  of  our  industrial  army 
into  classes  where  the  chance  to  pass  from  the  ranks  into  positions 
of  command  is  thereby  rendered  very  difficult,  if  not  impossible. 

The  aspiring  youth  who  is  barred  by  necessity  of  providing 
himself  with  daily  bread  from  obtaining  that  technical  knowledge 
necessary  to  a  complete  mastery  of  his  trade,  should  be  given  all 
the  chance  that  his  spare  time  will  permit  him  to  utilize,  that  he 
may  at  least  have  a  fighting  chance  to  win.  It  is  so  hard  to  work 
for  bread  and  struggle  for  knowledge  at  the  same  time,  and  so  sad 
that  the  great  majority  must  do  it  or  be  worsted  in  the  fight. 

I  have  endeavored  to  present  to  you  my  views  on  this  great 
subject  from  my  own  point  of  observation.  I  am  in  close  touch 
with  its  practical  side,  and  am  greatly  interested  in  watching  every 
movement  made  to  try  and  help  working  people  to  a  higher  educa- 
tion. 

I  have  tried  to  avoid  the  darker  sides  of  this  many-sided  prob- 
lem, touching  only  on  what  might  be  termed  the  higher  branches 
of  industrial  education. 

There  are  many  branches  of  industry  where  children  are  put 
to  work,  because  in  them  the  child  has  a  greater  money-earning 
value  for  the  time,  and  bread  is  the  one  thing  most  to  be  desired 
in  the  homes  to  which  they  belong. 

Our  rivet-heating  boys  come  to  us  at  about  twelve  years  of 
age,  and  they  can  earn  about  twice  as  much  as  a  boy  of  sixteen  as 
an  apprentice  mechanic.  What  can  a  boy  of  twelve  have  acquired 
of  any  kind  of  education  at  school?  Yet  any  scheme  that  proposes 
to  provide  for  him  any  kind  of  education,  industrial  or  technical, 
must  not  only  teach  him,  but  feed  and  clothe  him  as  well. 

It  appears  to  me  that  most  of  our  efforts  after  better  indus- 
trial and  technical  education  is  in  the  direction  of  helping  the 
strong  and  well-to-do,  and  never  touches  the  weak,  the  poor,  and 
the  helpless  mass  of  humanity  that  need  help  so  much. 

This  is  not  a  fault  of  those  good  men  and  women  that  have 
the  desire  to  help  those  who  need  it  most,  but  it  is  the  inevitable 
result  of  social  conditions  that  prevail  among  us.  So  long  as 
poor  working  people  are  depended  upon  to  maintain  and  increase 
the  population,  and  they  are  willing  to  accept  this  duty,  too  often 
evaded  by  those  who  are  better  off,  and  so  long  as  the  poor  parent- 
must  feed  and  clothe  his  child,  that  child  will  be  utilized  for  bread 
earning  instead  of  being  taught  to  solve  the  problems  of  life. 
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In  this  matter  of  education  for  the  poor,  it  is  a  condition  and 
not  a  theory  that  confronts  ns,  and  this  condition  I  think  will  con- 
tinue so  long-  as  our  present  social  fabric  stands. 

I  am  afraid  that  my  efforts  to  express  in  words  what  my 
thoughts  are  on  the  questions  we  have  been  considering  is  any- 
thing- but  a  success.  I  only  hope  that  I  may  not  be  misunderstood, 
and  that  there  is  in  the  future  some  grand  plan  that  will  help  to 
make  it  easier  for  the  child  whose  parents  are  forced  by  poverty 
to  eat  the  life  of  their  child. 

You  will  permit  me  now  a  few  words  in  conclusion  on  Califor- 
nia industrially. 

For  some  time  past  the  industries  of  California  have  been  sub- 
jected to  an  endurance  test,  which  has  resulted  in  some  of  them 
being  crushed  out  of  existence.  This  fate  may  seem  cruel,  hard, 
and  unjust  to  those  who  are  thus  deprived  of  the  kind  of  work  for 
which  they  are  especially  fitted  by  nature  and  education;  but  it  is 
the  law  of  industries  the  world  over,  and  California  is  no  excep- 
tion. 

Yet,  notwithstanding  the  disappointing  results  that  have  fol- 
lowed the  introduction  of  certain  industries  in  this  fair  land  of  ours, 
there  remain  many  fields  of  industry  well  adapted  to  the  conditions 
of  California  life,  on  which  as  yet  no  cultivating  hand  has  been 
laid. 

What  magnificent  possibilities  are  yet  latent  in  that  greatest 
of  all  our  industries,  where  the  reward  of  the  honest  and  skillful 
worker  comes  from  the  bountiful  bosom  of  Mother  Earth.  The 
key  to  this  rich  store-house  lies  in  the  development  of  transporta- 
tion facilities.  When  that  key  shall  open  a  passageway  for  the 
transportation  of  commerce  through  the  attenuated  waist  of  this 
continent,  himgry  Europe  will  be  fed  from  the  fruitful  valleys  of 
California.  When  that  time  comes  the  epicures  of  the  old  world 
will  eat  of  the  fruit  of  our  vineyards  and  orchards  kept  fresh  in  the 
dry  cold  air  of  a  special  fruit  compartment  on  the  quick  dispatch 
steamers  of  the  California  and  European  line,  via  the  canal.  South 
America  and  Africa  will  become  contributors  to  our  welfare  when 
we  establish  direct  steamship  lines  to  these  lands,  and  as  these  and 
other  doors  of  commerce  open  to  our  natural  products,  our  en- 
gineers will  multiply  these  products,  for  they  will  construct  great 
works  to  store  the  water  of  our  mountains  and  train  it  to  turn  the 
busy  wheels  of  industry  on  its  way  down  to  slake  the  thirsty  lands 
of  the  valleys,  until  this  wonderful  land  will  have  more  food  to  ex- 
port as  the  consumers  at  home  increase. 

The  more  we  learn  of  the  natural  resources  of  California  the 
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less  we  need  fear  for  the  iiulnstrial  oulUjok.  We  hqve  everything- 
necessary  for  the  bnildino-  up  of  a  great  industrial  commonwealth 
on  the  western  edge  of  the  United  States. 

Yet,  notwithstanding  the  bright  picture  that  can  be  presented 
of  our  future  prospects,  we  must  not  forget  that  some  of  the  most 
favorable  lands  as  to  natural  resources  have  cut  no  figure  in  the 
industries  of  the  world. 

In  the  development  of  great  industries,  men  and  women  are  of 
more  importance  than  things.  Hitherto  we  have  lacked  in  Cali- 
fornia that  unity  of  aim  and  efifort  that  is  the  chief  characteristic 
of  a  progressive  people.  Our  representative  men  controlling  the 
various  interests  of  the  State  are  all  more  or  less  influenced  by  the 
peculiar  methods  of  the  countries  whence  they  came,  and  the 
building  up  of  the  individual  has  been  attended  to,  and  that  often 
to  the  disadvantage  of  the  State,  and  even  of  the  particular  indus- 
try in  which  the  individual  is  engaged. 

This,  I  trust,  will  in  part  disappear  as  a  new  generation  arises 
to  shape  the  destinies  of  the  State.  California's  future  is  very 
much  in  the  hands  of  the  young  generation  that  is  beginning  to 
put  its  impress  on  the  work  we  are  now  doing. 

If  our  young  men  are  well  trained  in  the  habits  of  industry, 
and  our  young  women  in  the  practice  of  thrift,  if  they  come  into 
our  industries  with  a  noble  purpose,  ready  to  give  rather  than  to 
get,  our  future  is  safe. 

It  pains  me  to  hear  young  men  discussing  what  they  can  make 
out  of  the  work  they  propose  to  engage  in.  No  industry  will  ever 
be  the  better  for  what  we  are  to  get  out  of  it.  It  is  what  we  are 
going  to  put  into  the  industry  we  have  chosen  to  work  for  that  is 
to  build  it  up  and  make  it  strong  and  enduring. 

If  we  are  ready  to  put  ourselves,  that  is  the  best  of  our  life  and 
thought,  into  our  industries,  we  need  not  fear  for  the  future.  We, 
whose  heads  have  whitened  in  the  struggle  to  estalish  industries  in 
this  land  of  our  adoption,  expect  grander  service  from  the  youth 
for  the  land  of  their  birth. 

The  young  man  of  to-day  as  he  stands  on  the  threshold  of  his 
active  industrial  life  must  be  equipped  to  meet  the  competition  of 
the  world.  The  advantage  of  distance  from  the  competing  centers 
of  industry  that  used  to  help  us  in  California  are  fast  disappearing, 
and  he  must  enter  the  fight  trusting  in  his  industry  and  skill  alone. 
He  must  gather  all  the  experience  from  the  past  history  of  his  own 
industry  that  his  competitor  has.  He  must  know  all  that  has  been 
accomplished  in  the  past  history  of  the  industry  by  which  he  ex- 
pects to  live.     And  that  vast  heritage  of  experience  that  has  been 
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accumulated  Iry  the  labors  of  the  past  should  be  placed  within  his 
reach  in  the  shape  that  he  can  most  readily  comprehend. 

My  friends,  is  the  California  industrial  bark  to  be  carried  on 
this  mighty  tide  of  human  progress  to  a  bright  and  glorious  future 
of  prosperity,  or  is  it  to  be  swamped  in  its  deep  tides?  I  cannot 
tell  you.     The  personnel  of  the  crew  will  decide  that  question. 

DISCUSSION. 

The  discussion  of  above  subject  at  the  December  meeting  was 
continued  at  the  January,  1897,  meeting.  The  paper  was  by  re- 
quest of  members  re-read  by  its  author,  Mr.  Dickie.  The  follow- 
ing is  the  discussion: 

Prof.  Marx,  of  the  Stanford  University. — Mr.  President,  1  do 
not  feel  competent  to  discuss  all  the  points  presented  in  this  val- 
uable paper,  but  I  think  I  can  throw  a  little  light  on  one  or  two  of 
them. 

There  is  a  great  deal  of  difficulty  of  giving  poor  people  the 
higher  technical  education.  The  movement  of  university  exten- 
sion has  proved  that.  A  few  years  ago  in  Wisconsin  an  attempt 
was  made  not  merely  to  extend  the  ordinary  courses  of  university 
extension  into  the  outlying  towns,  but  also  to  introduce  a  line  of 
technical  education.  I  was  at  that  time  commissioned  by  Presi- 
dent Chamberlain,  of  the  Wisconsin  University,  to  go  into  some  of 
the  industrial  centers  of  Wisconsin  and  interview  the  manufactur- 
ers and  foremen  of  large  factories,  in  order  to  see  what  could  be 
done  in  that  direction.  The  result  was  extremely  discouraging. 
As  Mr.  Dickie  stated  in  his  paper,  boys  go  into  the  factory  at 
twelve  years  of  age  up  to  sixteen  and  twenty,  and  they  commence 
at  seven  o'clock  in  the  morning  and  work  until  six  o'clock  at  night. 
Now,  every  human  being  has  only  a  certain  amount  of  vitality  and 
energy  to  expend.  It  may  be  expended  in  two  directions,  in  doing 
this  certain  amount  of  labor  and  in  learning  a  trade,  or  it  may  be 
spent  in  part  acquiring  the  technical  knowledge  which  Mr.  Dickie 
admits  is  very  desirable.  But  when  a  boy  or  young  man  has 
worked  hard  for  ten  hours  of  the  day,  there  are  comparatively  but 
a  small  number  who  are  willing  to  enter  a  school,  or  to  take  a  spec- 
ial course  at  a  time  outside  the  hours  of  their  daily  toil,  to  get  this 
supplementary  training  so  absolutely  essential  to  their  progress. 
1  made  a  great  effort  in  one  town,  which  has  a  large  laboring  ele- 
ment, to  establish  a  class,  and  found  it  absolutely  impossible  to  get 
a  sufficient  number  of  men  to  form  one.  It  seems  to  me  that  if  we 
are  to  establish  such  schools,  assistance  must  come  from  the  side 
of  the  manufacturers.     But  there,  again,  I  met  with  considerable 
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discourageiiK'nt.  I  sugg'estcd  to  them  to  let  the  men  leave  the 
shop  two  hours  earher,  but  they  were  not  wilHng"  to  do  that.  They 
said  they  had  to  keep  the  machinery  running,  and  that  every  man 
must  be  in  his  place.  So  the  result  was  that  I  met  with  no  encour- 
ag'ement  whatever,  and  1  went  home  a  good  deal  discouraged. 

Mr.  Dickie  deprecates  the  fact  that  young  men  who  are  not 
able  to  go  to  the  trade  schools  are  placed  in  the  shops  and  are  kept 
to  work  at  one  thing,  and  are  tlius  confined  to  narrow  ideas  of 
work.  The  condition  of  our  industries  at  the  present  time  is  such 
that  there  is  but  very  little  opportunity  for  young  men  to  develop 
their  abilities;  it  is  to  the  interest  of  the  manufacturer  to  give  a 
young  man  one  piece  of  work,  and  keep  him  at  it.  As  it  is  not  for 
their  particular  interest  to  develop  that  young  man,  they  will  not 
do  it.  Unfortunately  the  number  is  not  very  large  whose  humani- 
tarian interest  is  greater  than  their  financial  interest.  We  see 
this  difific^dty  of  which  Mr.  Dickie  speaks,  and,  of  course,  we  all 
feel  sorry  that  it  exists.  But  I  do  not  think  the  solution  which  he 
has  hinted  at  is  one  which  will  solve  the  problem. 

I  would  state  this  before  concluding:  Trade  schools  and  mu- 
seums, such  as  Mr.  Dickie  has  spoken  of,  exist  in  foreign  countries. 
They  have  been  established  in  all  the  industrial  centers  of  France 
and  those  who  have  had  the  benefit  of  them  have  developed  into 
good  W'orkmen.  I  believe  the  industries  of  France  have  advanced 
since  their  establishment.  And  such  is  the  case  with  Germany. 
There  it  is  made  compulsory  by  law  that  manufacturers  shall  send 
their  apprentices  to  these  schools.  Nothing  of  this  kind  exists  in 
this  country  that  I  am  aware  of. 

Mr.  Dickie.  It  is  the  possibility  of  having  something  of  the 
kind  in  this  country  that  I  am  hoping  for. 

Prof.  Wing,  of  Stanford  LTniversity. — I  have  another  solution 
for  this  question.  I  think  the  problem  presented  is  partly  a  social 
problem  and  partly  an  industrial  problem. 

New  England  has  been  the  center,  and  still  is,  of  the  industries 
of  this  country.  I  was  employed  in  a  shop  in  New  England  for 
some  time  at  different  periods,  and  I  was  very  much  interested  in 
studying  the  industrial  conditions  there.  What  seemed  strange 
to  me  was,  that  in  structural  iron  work,  for  instance,  the  iron  and 
the  coal  could  be  shipped  from  Pennsylvania  into  New  England, 
and  the  iron  could  be  worked  up  and  could-  be  shipped  back  to 
Pittsburg,  to  Chicago,  and  to  the  Anaconda  mines,  and  compete 
with  Pittsburg  manufacturers.  I  think  the  reason  was  because 
they  have  better  workmen  in  New  England  than  in  any  other  sec- 
tion of  the  United  States.     Being  a  great  center  of  industrv,  and  all 
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tlie  towns  of  importance  being  engaged  in  mannfacture,  men  are 
more  constantly  employed.  When  they  are  thrown  ont  of  em- 
])loyment  they  g'o  ont  on  the  farms  and  obtain  some  income  from 
this  kind  of  labor.  Some  of  them  own  land  which  they  till.  I 
was  connected  with  a  shop  where  a  great  many  workmen  drove 
in  five  or  six  miles  with  their  own  conveyances,  and  the  manufac- 
turers had  a  long  shed  built  in  which  to  put  them.  Suppose  the 
workmen  had  five  or  six  sons;  during  their  early  training  they  are 
employed  in  what  I  consider  one  of  the  best  schools  of  manual  in- 
dustry, and  that  is  work  on  a  farm.  In  this  way  there  is  a  certain 
amount  of  support  for  the  family,  and  at  the  same  time  a  good 
physical  training,  some  experience  in  the  handling  of  tools,  and 
the  development  of  the  habits  of  thrift  and  industry.  When  they 
get  older,  and  wish  a  high-school  education,  they  can  go  to  a 
neighboring  town  and  get  it;  if  they  wish  an  industrial  education, 
here  is  a  town  five  or  six  miles  in  this  direction  where  there  is  a 
certain  manufacturing  line  they  can  study,  or  they  can  go  in  an- 
othej-  direction  to  a  town  where  there  is  another  industry,  and  they 
can  choose  such  as  their  ability  and  inclination  adapt  them  to. 
Under  such  conditions  they  make  good  workmen.  It  is  schooling 
of  the  best  kind,  and  much  better,  I  think,  than  any  museum 
could  be. 

It  seems  to  me  that  the  only  solution  of  our  industrial  problem 
in  California  is  along  these  lines.  Of  course  we  lack  the  valley 
settlers.  But  as  spoken  of  in  the  paper  we  have  our  mountain 
streams  which  can  be  developed  into  power  for  great  industrial 
manufacturing  plants,  and  we  can  locate  them  in  one  of  the  most 
fertile  sections  of  the  United  States;  and  I  believe  that  the  work- 
men in  the  shops  can  have  their  own  homes  and  their  own  land, 
and  if  out  of  employment  in  the  mills,  they  can  keep  themselves 
busy.  If  it  l)e  desirable  to  have  education  of  a  technical  nature  in 
connection  with  those  centers,  it  is  certainly  possible. 

Take  it  around  Hartford,  Connecticut,  itself  a  manufacturing 
city,  there  are  a  number  of  manufacturing  towns,  New  Britain, 
Middletown,  Meriden,  Willimantic,  and  still  farther  away,  Water- 
bury,  and  a  number  of  other  places,  all  easy  to  be  reached  by  work- 
men and  with  abundance  of  farming  lands  about  them.  These 
make  excellent  conditions.  To  see  that  the  surrounding  condi- 
tions of  the  workmen  are  favorable  is  one  method  of  solv- 
ing the  industrial  problem.  While  visiting  works  in  Phila- 
delphia in  the  line  of  structural  iron  manufacture,  I  could 
not  help  contrasting  the  surrounding  conditions  with  those 
of    New    England.       All    the    land-  in    that    section    was    taken 
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up  for  building;  purposes  or  city  lots.  As  I  approached  the 
works  the  first  man  I  saw  was  a  policeman,  and  no  one  could  ap- 
proach the  establishment  without  a  permit  from  the  office.  They 
are  having  continual  difficulty  with  their  workmen.  In  the  manu- 
facturing towns  of  Connecticut  such  a  thing  as  a  labor  strike  is 
almost  unknown.  Many  of  the  workmen  own  their  homes.  I 
know  an  instance  of  a  man  who  had  been  a  piece-work  contractor 
in  a  manufacturing  establishment  which  had  several  branch  es- 
tablishments scattered  throughout  Connecticut.  In  the  course  of 
time  it  was  found  necessary  to  concentrate  the  manufacturing 
into  one  large  concern.  This  man  had  his  home  and  did  not  wish 
to  leave  it.  He  immediately  gave  up  his  work  that  he  had  been 
accustomed  to,  and  went  to  work  in  a  neighboring  shop  as  a  day 
laborer  at  three  dollars  a  day.  He  had  a  comfortable  home  in  a 
little  village,  and  he  was  one  of  the  selectmen  of  the  town,  which 
office  corresponds  to  our  supervisors  here.  That  man  did  not 
consider  it  as  beneath  him  to  go  into  a  shop  as  a  common  laborer. 
He  gave  his  son  a  college  education.  I  do  not  believe  that  it  is 
impossible  for  a  workman  earning  seventy-five  dollars  a  month  to 
give  his  children  a  good  education,  if  he  practices  economy  and 
thrift,  owns  his  own  home,  and  is  careful  in  his  living  expenses.  I 
believe  that  our  manufactures  here  can  be  located  in  sections  of  the 
country  where  the  industrial  conditions  will  be  such  that  the  work- 
men can  live  and  be  respectable. 

Prof.  Soule,  of  the  University  of  California. — Mr.  President, 
I  have  been  very  much  impressed  by  your  paper.  I  think  there  is 
a  vast  amount  of  truth  in  it.  I  could  not  attempt  to  discuss  this 
matter  thoroughly  without  preparation,  and  from  the  few  moments 
I  have  listened  to  the  arguments.  I  will  only  make  a  few  remarks 
upon  some  of  the  points  that  have  been  brought  out. 

First,  in  regard  to  the  children  of  poor  parents,  if  it  were 
known  beforehand  that  the  children  would  only  be  allowed  to  take 
the  primary  course  in  the  schools  and  would  then  have  to  go  out 
immediately  and  earn  their  living,  much  more  might  be  accom- 
plished to  fit  and  benefit  the  child  while  engaged  in  its  studies  in 
the  primary  school.  Speaking  more  particularly  about  our  own 
State,  I  think  there  is  a  vast  amount  of  "stufif"  (and  I  use  the  word 
deliberately)  attempted  to  be  forced  down  the  mental  throats  of 
the  children  in  the  primary  schools.  A  vast  amount  is  taught  to 
them  in  a  very  imperfect  way  which  does  them  no  good,  and  which, 
instead  of  stimulating  their  interest  and  observation,  tends  to  dwarf 
their  intellects. 

For  such   children   as   I   have   mentioned  there   should   he   a 
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course  that  is  somewhat  hmited,  as  compared  to  that  given  to  them 
now,  but  which  would  suffice  for  all  their  needs.  Such  a  course 
should  embrace  arithmetic,  grammar,  and  geography,  and  they 
should  be  taught  to  read  readily  and  well,  to  spell  correctly,  and  to 
write  plainly.  In  arithmetic  there  should  be  omitted  such  matters 
as  banking,  exchange,  compound  proportion,  and  the  like,  and 
they  should  be  taught  only  the  simple  mathematical  principles, 
common  and  decimal  fractions,  ratios,  and  simple  proportion,  and 
what  is  sometimes  called  analysis.  That  is  all  that  would  be  re- 
quired, and  with  a  good  teacher  it  would  take  but  comparatively 
a  short  time  to  teach  these  branches  thoroughly.  If  instruction 
were  limited  to  these  few  subjects,  and  each  subject  limited  to  its 
proper  field  and  sphere,  a  great  deal  of  time  would  be  saved.  The 
teacher  should  be  thorough,  and  one  who  would  stimulate  the 
thought  of  the  child,  and  lead  it  on  to  think  and  observe  for  itself. 

At  the  same  time,  and  in  the  same  course,  having  saved  so 
much  valuable  time  by  omitting  all  these  superfluous  subjects  and 
ridiculous  divisions  of  these  subjects,  they  might  then  receive  the 
beginnings  of  their  industrial  education. 

But  the  result  of  the  present  system  is  that  these  poor  little 
creatures  are  overwhelmed  with  subjects  that  they  can  only  learn 
a  little  about  and  which  they  forget  within  two  months  after  they 
leave  school,  and  which  are  of  no  practical  benefit  to  them.  In- 
stead of  teaching  them  what  is  useless,  let  them  commence  to  learn 
the  elements  of  a  handicraft,  and  the  elements  of  the  industrial 
work  in  which  they  are  to  engage.  This,  of  course,  could  not  be 
carried  very  far,  but  what  they  did  acquire  in  this  direction  would 
be  of  direct  practical  benefit  in  making  a  living  and  making  prog- 
ress in  the  world. 

It  is  very  important  to  have  good  teachers  in  the  primary 
schools — natural  teachers.  I  think  they  occupy  as  important  a 
position  in  the  educational  world  as  a  teacher  in  a  university,  and 
even  more  so,  because  the  teacher  in  the  primary  school  is  form- 
ing in  the  minds  of  the  pupils  the  proper  or  improper  way  of  ap- 
proaching every  subject  of  investigation.  The  mere  make-shift 
teacher  will  adopt  make-shift  methods  and  will  introduce  in  the 
minds  of  the  pupils  a  make-shift  system,  and  the  education  will  be 
wrong  from  the  start. 

As  far  as  I  know,  I  agree  with  Prof.  Marx,  that  the  attempt 
to  give  a  good  thorough  technical  education  to  young  men  or 
young  women  who  have  had  to  work  hard  through  the  day  is  a 
failure.  The  powers  of  mind  and  body  are  practically  exhausted 
by  the  day's  work.     I  know  of  no  instance  in  which  that  attempt 
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has  succeeded  except  in  the  case  of  a  few  bright  minds  that  exist 
in  every  generation  and  in  every  class,  who  will  work  their  way  to 
the  top  in  spite  of  all  obstacles;  they  will  do  it  with  any  system. 
So  it  seems  to  me  that  the  idea  of  giving  instruction  after  the 
day's  work  is  finished  cannot  be  carried  out  successfully.  But  I 
do  think  that  in  our  public  schools  a  reasonable  amount  of  time 
could  be  profitably  used  to  the  work  of  the  arts  and  handicraft, 
not  so  much  with  the  intention  of  making  experts,  as  by  cultivating 
the  mind  of  the  young  person  in  those  directions.  A  boy  who  has 
learned  by  successive  trials  to  cut  accurately  a  square  hole  through 
a  quarter-inch  plate  of  iron  has  really  gained  a  great  deal.  He 
has  learned  how  to  be  accurate,  and  what  is  good  workmanship. 
These  ideas  firmly  fixed  in  his  mind,  will  be  invaluable  to  him  in 
his  life's  work.  The  value,  of  course,  is  not  so  much  in  the  thing 
itself  that  is  done,  but  it  is  in  the  reactionary  effect,  in  the  habits 
formed,  and  in  the  discipline  received  in  the  operation. 

With  regard  to  a  thorough  technical  education  in  the  tech- 
nical schools,  in  this  hurly-burly  world  of  ours,  I  do  not  think  it  is 
practical  or  possible  within  the  time  that  the  poorer  classes  have  to 
acquire  both  a  technical  and  practical  education,  although  I  admit 
it  is  desirable.  But  it  seems  to  me  the  student  by  means  of  the 
workshop,  in  connection  with  the  technical  school,  can  at  least  ac- 
quire sufficient  knowledge  to  enable  him  to  judge  of  good  and 
poor  work,  to  have  some  idea  of  what  is  required  to  be  an  expert 
workman,  a  good  designer,  an  inventor,  or  an  engineer. 

But  after  all,  Mr.  President,  I  am  sorry  to  say  that  Nature  is 
pretty  severe  and  hard  on  us.  If  we  violate  her  laws,  either  know- 
ingly or  unknowingly,  the  punishment  is  equally  severe.  Such  is 
her  course  that  the  weakest  will  have  to  go  to  the  wall.  It  is  so  in 
the  brute  creation,  and  it  is  so  with  humanity.  It  will  always  be 
the  case,  as  in  the  past,  that  the  poorest  and  the  weakest  will  have 
the  hardest  lot  in  life  and  will  have  to  occupy  the  lower  place  in 
the  social  scale.  It  seems  to  me  that  the  best  we  can  do  in  the 
matter  of  industrial  education  is  to  give  everyone  a  fair  chance. 
The  better  element  will  rise;  the  others  will  have  to  take  the  station 
in  life  which  Nature  and  their  own  lack  of  ability  forces  upon  them. 

Prof.  Buchanan  closed  the  discussion  by  reading  a  portion  of 
an  article  he  had  written  touching  upon  the  utility  in  education 
and  the  necessity  of  technical  schools  from  the  standpoint  of  the 
humanitarian  and  the  educator. 
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EAKLV   HISTOKY  OF    INSTKr3rENTS  AN1>  THE  AKT  OF 

OBSERVING   IX  ASTKOXOMY   AXI>   CIVIL 

EXOlXEEKlXti. 


By  Charles  S.  Howe,  Retiring  President  of  the  Civil  Engineers' 
Club  of  Cleveland. 


[Read  before  the  Club  at  the  Annual  Meeting,  March  9,  1897.*] 

The  methods  of  observing  in  astronomy  and  civil  engineering 
are  essentially  the  same;  the  instruments  of  geodesy,  which  is  one 
branch  of  civil  engineering,  are  of  the  same  character  as  those  of 
practical  astronomy.     The  latter  treats  of  the  exact  location  of  the 
heavenly  bodies,  while  the  former  treats  of  the  exact  location  of 
points  on  the  earth.     As  these  two  sciences  are  so  nearly  related,  a 
history  of  instruments  and  the  art  of  observing  in  one  must  be  very 
much  the  same  as  in  the  other.     Astronomy  is  undoubtedly  the 
older  of  the  two,  and,  as  more  attention  has  been  given  to  scientific 
observing  in  this,  I  shall  bestow  more  time  upon  it  than  upon  the 
other.     Civil  engineering,  in  its  simple  form  of  surveying,  was 
invented  to  subdivide  land  after  the  annual  overflow  of  the  Nile  in 
Egypt.     The  Chinese  claim  to  be  the  fathers  of  astronomy,  but  we 
know  very  little  about  the  early  history  of  their  methods  or  their 
instruments.      Astronomy,  as  we  know  it,  came  from  the  Chal- 
deans.    Shepherds,  watching  their  flocks  by  night,  soon  became 
familiar  with  the  principal  stars  and  observed  the  simplest  phe- 
nomena.    Having  no  clocks,  the  heavens  became  their  time-piece; 
having  no  calendars,  the  movements  of  the  sun  and  moon  marked 
the  divisions  of  months  and  years.     One  fact  very  soon  became  ap- 
parent, namely,  that  while  the  great  mass  of  stars  were  seemingly 
at  rest  with  respect  to  each  other,  certain  celestial  bodies  were  in 
motion.    Thus  the  moon  moved  so  rapidly  among  the  stars  that  a 
few  hours'  watching  was  sufficient  to  detect  its  motion.     Continued 
observation  showed  that  it  passed  from  new  moon  to  new  moon  in 
about  thirty  days,  and  so  the  length  of  the  month  was  established. 
Next,  the  apparent  motion  of  the  sun  among  the  stars  was  ob- 
served and  its  period  placed  at  about  365  days.     Then  it  was  seen 
that  certain  of  the  stars  themselves  were  in  motion,  sometimes  for- 
ward, sometimes  backward,  but  in  the  end  completing  the  entire 
circuit   of  the   heavens.     These   were   called   wandering   stars   or 
planets.     We  do   not   know  when   these  observations  were   first 
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made.  No  instruments  were  used  and  no  records  kept.  The 
Chaldeans  also  observed  eclipses,  noting  the  time  to  the  nearest 
hour,  and  the  magnitude  of  the  obscvired  part  of  the  sun  or  moon. 

Herodotus  tells  us  that  the  Greeks  obtained  from  the  Baby- 
lonians a  knowledge  of  the  pole,  the  gnomon,  and  the  division  of 
the  day  into  twelve  equal  parts.  The  pole  was  a  concave  hemi- 
spherical sun-dial  having  a  vertical  rod  in  the  center  by  which  the 
interval  between  sunrise  and  sunset  was  divided  into  twelve  equal 
parts.  This  instrument  shows  a  knowledge  of  the  uniform  motion 
of  the  celestial  sphere,  but  does  not  indicate  any  deeper  knowledge. 
The  gnomon  was  a  very  simple  sun  dial  by  which  the  altitude  and 
position  of  the  sun  were  determined.  The  length  of  the  solar  year 
was  approximately  measured  by  means  of  it.  When  the  shadow 
cast  by  the  gnomon  was  the  shortest  it  was  the  summer  solstice, 
and  when  it  was  longest  it  was  the  winter  solstice.  Half  way  be- 
tween these  times  were  the  equinoxes.  Thus  we  see  that  these 
ancient  astronomers  observed  those  facts  which  were  most  appar- 
ent, but  did  not  reason  deeply  upon  their  results. 

The  first  observation  recorded  by  the  Greeks  was  a  determina- 
tion of  the  summer  solstice  by  Meton,  in  430  B.  C.  He  used  an 
instrument  called  the  heliometer,  which  was  probably  one  form  of 
gnomon.  When  Alexandria  became  the  capital  of  the  civilized 
world,  a  great  university  was  built.  Scholars  came  from  all  na- 
tions to  teach  or  study.  The  sciences  were  cultivated,  and  among 
them  astronomy  held  a  high  place.  A  large  observatory  was 
erected,  fitted  up  with  circular  instruments  for  determining  the 
positions  of  the  heavenly  bodies.  Here  Eratosthenes  obtained  the 
declinations  of  stars  and  the  obliquity  of  the  ecliptic.  This  could 
not  be  done  without  instruments,  but  our  knowledge  of  them  is 
very  slight.  Ptolemy  speaks  of  an  instrument  having  two  concen- 
tric circles  turning  on  an  axis.  The  inner  one  had  two  small 
prisms,  and  when  the  shadow  of  one  prism  fell  on  the  other  an  in- 
dex arm  showed  the  altitude  of  the  sun  on  the  outer  circle.  These 
observations  were  made  at  the  summer  and  winter  solstices,  and 
the  difference  between  them  gave  twice  the  obliquity  of  the  eclip- 
tic. This  Eratosthenes  found  to  be  eleven-eighty-thirds  of  the 
circumference  of  a  circle,  or  23",  51',  19.5",  which  agrees  very 
closely  with  its  true  value  at  that  time.  To  find  the  time  of  the 
equinoxes,  a  ring  was  placed  in  the  plane  of  the  equator;  when  the 
shadow  of  the  upper  part  fell  upon  the  middle  of  the  lower  part  the 
sun  was  in  the  equator.  But  Eratosthenes  did  not  confine  himself 
to  measurements  in  the  heavens,  he  measured  the  length  of  a  de- 
gree on  the  surface  of  the  earth  by  the  same  method  in  use  at  the 
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present  time.  His  two  stations  were  Alexandria  and  Syene,  in 
Egypt.  On  the  longest  day  in  summer  he  noticed  that  there  was 
no  shadow  at  the  bottom  of  a  well  at  Syene,  while  at  Alexandria 
the  shadow  was  7°  12'  in  length.  This  gave  the  difference  in  lati- 
tude, but  he  obtained  a  poor  result  for  the  length  of  a  degree,  which 
he  gives  as  79  miles,  because  of  a  mistake  in  measuring  the  dis- 
tance between  the  two  stations. 

Many  facts  can  be  ascertained  by  observations  made  at  one 
time  or  by  the  work  of  one  observer  extending  over  several  years, 
but  the  great  fundamental  data  upon  which  geodesy  and  astronomy 
rest  must  be  determined  by  comparing  observations  made  at 
widely  different  periods.  Hipparchus,  who  lived  about  130  B.  C, 
seems  to  have  been  the  first  of  the  ancient  astronomers  to  use 
proper  methods  of  calculations  based  upon  observation.  Up  to 
this  time  it  had  been  supposed  that  the  length  of  the  tropical  year 
was  365:^  days.  By  comparing  his  observations  with  those  made 
by  Aristarchus,  147  years  earlier,  he  found  the  tropical  year  to  be 
365  d.,  5  h.,  55  m.,  12  sec.  This  is  not  an  exact  result,  as  it  differs 
by  about  6  m.  from  the  true  value,  but  considering  the  imperfect 
instruments  then  in  use,  it  is  a  great  advance  over  previous  knowl- 
edge. It  marks  an  epoch  in  calculation.  He  was  also  able  to 
prove  the  eccentricity  of  the  earth's  orbit  by  noticing  that  the  in- 
terval from  vernal  equinox  to  autumnal  equinox  was  not  the 
same  as  from  autumnal  equinox  to  the  next  vernal  equinox. 
Hipparchus  is  supposed  to  have  invented  the  astrolabe,  an  in- 
strument having  three  circles,  one  in  the  plane  of  the  equator  or 
ecliptic,  another  in  the  meridian,  and  a  third  at  right  angles  to 
this.  An  index  arm  moved  on  the  equatorial  circle,  and  by  this 
the  distance  between  two  bodies  near  the  equator  or  the  ecliptic 
could  be  determined.  Up  to  the  time  of  Ptolemy  all  instruments 
were  made  circular.  The  latter,  who  lived  about  150  A.  D.,  used 
a  quadrant  for  his  observations.  He  preferred  this  form  on  ac- 
count of  the  size  of  the  apparatus.  By  the  crude  methods  then 
employed  it  was  difficult  to  divide  the  measuring  arc  accurately, 
and  the  divisions  must  not  be  so  small  that  they  could  not  be  seen 
w'ith  the  naked  eye.  A  circle  10  feet  in  diameter  and  divided  to 
degrees  would  give  one  inch  to  each  degree,  or  one-sixth  of  an 
inch  to  each  10  m.  When  the  shadows  of  pins  or  prisms  were 
used  to  indicate  the  position  of  the  sun,  observations  nearer  than 
10'  could  not  be  made  even  with  an  instrument  10  feet  in  diameter. 
To  make  the  instrument  smaller  a  quadrant  was  used.  But  this 
was  evidently  a  backward  step.  A  quadrant  cannot  be  divided  as 
accurately  as  a  circle,  because  there  are  not  the  same  opportuni- 
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tics  to  correct  the  divisions.  Two  points  can  be  fonnd  180°  apart 
on  a  circle  by  turning  the  circle  half  way  around  and  again  observ- 
ing; or  a  circle  can  be  divided  into  four  equal  divisions  by  placing 
two  sights  in  such  a  position  that  the  distance  between  them  spaces 
four  times  around  the  circumference.  This  method  could  be  read- 
ily applied  to  the  rude  instruments  of  Hipparchus'  time,  but  could 
not  be  used  on  a  quadrant.  Ptolemy  made  his  quadrant  vertical 
by  a  pluml)  line,  but  he  does  not  tell  us  how  he  fixed  it  in  the 
meridian. 

There  were  no  accurate  methods  of  measuring  time.  Some 
forms  of  water  clocks  were  used  when  the  sun  was  not  shining, 
and  at  night  the  part  of  the  zodiac  on  the  meridian  was  noted.  The 
Arabians  made  larger  and  better  instruments  than  the  Greeks,  but 
did  not  make  any  great  improvement  in  methods  of  observing. 
They  determined  time  by  the  altitude  of  a  known  star,  and  fixed 
the  meridian  by  equal  altitudes  of  the  sun  east  and  west. 

For  many  centuries  after  the  time  of  Ptolemy  work  in  astron- 
omy and  geodesy  nearly  ceased.  We  read  of  observations  at  Bag- 
dad in  the  13th  century,  and  of  some  work  among  the  Moors,  but 
no  radical  advance  was  made  in  modes  of  observation.  At  the  re- 
vival of  learning  in  Europe  interest  in  astronomy  was  awakened, 
especially  in  Germany.  The  voyages  of  discovery  which  were 
made  in  the  i6th  century  necessitated  a  good  knowledge  of  the 
heavenly  bodies. 

Regiomontanus,  about  the  year  1475  and  later,  wrote  ephem- 
erides  of  the  sun  and  planets,  which  were  used  by  Columbus, 
Vasco  de  Gama,  and  others.  This  demand  developed  the  study 
of  astronomy  in  the  German  universities.  Instruments  and 
methods  were  much  the  same  as  in  the  time  of  Ptolemy.  Wal- 
therus,  of  Nuremburg,  found  the  place  of  planets  by  observing 
altitudes  and  distances  from  two  fixed  stars.  The  idea  of  locating 
a  heavenly  body  or  a  point  on  the  earth  by  means  of  a  clock  had 
not  yet  been  developed. 

Clocks  came  from  eastern  countries  originally.  Pacificus,  of 
Vienna,  in  the  9th  century,  constructed  a  clock  with  wheels.  They 
soon  became  quite  common,  but  could  not  be  used  for  scientific 
purposes.  They  had  balance  wheels  for  regulation  and  would 
show  the  interval  from  noon  to  noon  with  considerable  accuracy, 
but  intermediate  intervals  were  not  marked  with  uniformity. 

Galileo  discovered  that  the  beats  of  a  pendulum  were  nearly 
isochronous,  and  tried  to  apply  the  pendulum  to  clocks.  His  ef- 
forts were  not  very  successful,  but  Huyghens,  in  1656,  was  able  to 
carry  o;it  his  ideas,  and  the  next  year  he  presented  to  the  govern- 
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ment  of  Holland  a  clock  constructed  after  the  new  method.  This 
new  instrument  was  immediately  made  use  of  in  astronomy  and 
geodesy. 

After  the  revival  of  interest  in  astronomy,  Tycho  Brahe  was 
the  first  to  recognize  the  necessity  for  long-continued  observations 
upon  which  to  base  new  theories.  He  said  "Astronomy  without 
an  hypothesis  was  impossible,"  and  this  hypothesis  must  be  based 
on  the  slow,  long-continued  labor  of  the  careful  observer.  Even 
Copernicus,  to  whom  astronomy  owes  so  much,  did  not  see  the 
necessity  for  accumulating  observations.  He  observed  very  little 
himself,  but  based  his  ideas  of  planetary  motion  on  theoretical  rea- 
sons. The  Almagest,  1300  years  old,  was  still  the  text  book  on 
astronomy,  Tycho  Brahe,  a  native  of  Denmark,  was  born  about 
the  middle  of  the  i6th  century.  He  began  observations  when  he 
was  16  years  old,  and  soon  began  to  make  improvements  in  exist- 
ing instruments.  His  observatory,  Uraniborg,  was  on  the  island 
of  Hveen,  near  the  coast  of  Norway.  Here  he  made  the  largest 
collection  of  instruments  known  up  to  that  time.  His  own  private 
fortune  and  large  gifts  from  the  king  of  Denmark  supplied  the 
means  for  his  work.  Students  came  from  all  parts  of  Europe, 
and  he  soon  had  a  large  staff  of  observers. 

I  have  already  spoken  of  the  quadrants  used  by  Ptolemy. 
This  class  of  instruments  was  still  in  use  at  the  time  of  Tycho 
Brahe.  He  constructed  a  very  large  one  and  fastened  it  to  the 
wall  after  the  manner  of  our  old  mural  circles.  Other  instruments 
of  the  ancients,  while  not  fixed,  were  intended  to  be  used  in  a  fixed 
position.  Tycho  was  the  first  to  construct  a  quadrant  movable  in 
azimuth.  This  was  the  original  of  our  present  altazimuth  or  en- 
gineer's transit.  The  arc  was  of  six  feet  radius,  and  the  azimuth 
circle  nine  feet  in  diameter.  Tycho  also  made  great  improvements 
in  the  division  of  circles.  Before  his  time  nearly  all  instruments 
were  divided  to  10';  he  divided  them  to  single  minutes  and  by 
transversals  to  10".  In  1542  Nunez  proposed  to  divide  the  arc  of 
a  quadrant  into  90  parts,  then  inside  this  arc  to  construct  other 
arcs  divided  into  89,  88,  87,  etc.,  parts  down  to  46.  These  divisions 
would  enable  the  observer  to"  read  angles  to  fractions  of  a  minute. 
Tycho  tried  this  method  of  division,  but  did  not  meet  with  success 
on  account  of  the  difficulty  of  dividing  an  arc  into  89,  87,  etc.,  parts. 
Tycho  also  improved  the  sights  of  instruments.  The  former 
method  was  to  observe  shadows  or  through  two  holes  at  opposite 
ends  of  an  index  arm.  He  substituted  a  series  of  four  slits  and  re- 
duced the  error  of  sighting  from  2'  to  I',  or  even  ^'.  Tycho  sup- 
posed himself  to  be  the  inventor  of  the  sextant,  and  frequently 
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used  one  of  5^  feet  radius,  but  it  is  now  known  that  the  Arabs  had 
one  of  60  feet  radius  at  Bagdad  as  early  as  992  A.  D,  Tycho 
Brahe's  work  was  of  the  utmost  importance  because  it  enabled 
Kepler  to  demonstrate  his  laws  of  planetary  motion  and  thus  to 
round  out  and  complete  the  Copernican  theory.  Tycho  died  just 
before  the  invention  of  the  astronomical  telescope  by  Galileo  in 
1609,  which  completely  revolutionized  existing  methods  of  ob- 
servation. The  engineer  who  has  used  a  compass  with  open  sights 
for  the  measurement  of  an  angle  and  then  measured  the  same  an- 
gle with  a  good  transit,  has  some  idea  of  the  vast  improvement  the 
telescope  made  in  accurate  measurement.  But  the  telescope,  as 
it  came  from  Galileo,  was  not  a  measuring  instrument.  It  was 
simply  an  instrument  for  increasing  optical  power.  Before  it  could 
be  used  for  measurements,  means  of  pointing  to  an  object  must  be 
devised.  When  we  look  through  an  ordinary  visual  telescope 
we  see  a  large  field  of  view.  The  telescope  is  not  pointed  to  one 
particular  object,  but  to  the  whole  field.  The  idea  of  a  telescopic 
sight  first  occurred  to  Morin,  a  French  astronomer.  In  1635  he 
discovered  that  stars  could  be  seen  in  the  day-time  with  a  good 
telescope,  and  he  tried  to  measure  the  distance  between  the  moon 
and  certain  stars  in  the  day-time,  as  well  as  at  night,  for  the  pur- 
pose of  determining  the  longitude.  But  he  was  not  able  to  con- 
struct an  instrument  to  do  the  work.  The  trouble  lay  in  the  form 
of  the  telescope.  As  constructed  by  Galileo,  the  rays  of  light  in 
the  telescope  were  intercepted  by  the  eye-piece  before  coming  to 
a  focus,  and  therefore  there  was  no  place  where  a  wire  could  be 
placed.  William  Gascoigne,  a  young  astronomer  of  England,  was 
the  first  person  who  employed  a  telescope  composed  of  two  convex 
lenses  and  placed  a  hair  at  the  focus.  His  early  death,  in  1644, 
prevented  the  publication  of  his  method,  but  in  his  letters  to  others 
engaged  in  similar  work  he  speaks  of  using  a  quadrant  having  a 
telescope  provided  with  such  a  hair  and  finding  the  altitudes  of 
stars  with  it.  He  also  says  that  if  the  night  is  dark,  so  that  the  hair 
cannot  be  readily  seen,  he  places  a  lantern  so  that  sufficient  light 
shines  in  through  the  object  glass.  He  speaks  also  of  fitting  up 
his  sextant  with  a  little  telescope  and  a  thread.  In  another  letter 
he  says  he  is  expecting  soon  to  be  able  to  read  angles  to  seconds 
on  account  of  his  superior  method  of  pointing.  These  letters 
prove  that  as  early  as  1640  telescopic  sights  had  been  used,  but 
they  do  not  seem  to  have  come  into  general  use  until  about  1665. 
The  earliest  published  observations  are  those  of  Picard,  who,  in 
1667,  made  observations  in  the  gardens  of  the  Royal  Library  at 
Paris  with  a  quadrant  of  9  feet  7  inches  radius  and  a  sextant  of  6 


1/6  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

feet  radius,  both  having"  telescopes  with  threads  at  the  focus. 
Picard,  in  his  "Measure  of  the  Earth,"  describes  the  methods  of 
adjustment  of  such  instruments.  Among  other  things,  he  speaks 
of  the  method  of  reversing  an  instrument  in  order  to  determine  its 
error  of  colhmation.  Several  centuries  before  this  an  Arabian 
astronomer,  Jounis,  had  suggested  the  same  thing  for  the  adjust- 
ment of  the  gnomon.  The  micrometer  for  measuring  small  dis- 
tances, like  the  diameter  of  a  planet,  was  invented  at  about  this 
time.  The  principle  of  the  micrometer  screws  was  introduced  by 
Hevelius,  a  native  of  Dantzic,  who  used  it  for  division  of  the  circle. 
He  began  his  work  in  1630,  having  instruments  very  similar  to 
those  of  Tycho  Brahe,  but  using  the  vernier  which  was  invented 
by  Peter  Vernier  in  1631.  This  was  a  great  improvement  on  the 
method  of  transversals.  Hevelius  attached  a  fine  screw  to  his 
index  arm,  so  that  after  pointing  to  the  desired  object  he  could,  by 
turning  the  screw  forward  or  backw^ard,  bring  the  index  to  coin- 
cide with  a  division  of  the  circle.  Knowing  the  value  of  one  divi- 
sion of  the  screw,  the  reading  w'as  easily  determined  to  the  fraction 
■of  a  minute.  This  observer,  how^ever,  refused  to  use  a  telescope. 
The  combination  of  a  telescope  with  threads  and  his  tangent  screw 
Mould  have  made  his  observations  of  incalculable  value. 

The  desirability  of  some  instrument  for  the  measurement  of 
small  distances,  both  in  astronomy  and  engineering,  had  long  been 
apparent.  By  the  old  methods  Archimedes  was  only  able  to  say 
that  the  diameter  of  the  sun  was  between  27'  and  32'.  Tycho 
Brahe  measured  the  diameters  of  sun  and  moon  as  accurately  as 
possible  with  his  instruments  and  found  that  the  moon  was  smaller 
in  angular  magnitude  than  the  sun,  and  hence  a  total  eclipse  of  the 
sun  was  impossible.  When  the  telescope  revealed  the  discs  of  the 
planets  their  angular  measurement  became  an  object  of  great  in- 
terest. 

William  Gascoigne,  of  whom  mention  has  been  made,  was 
the  first  inventor  of  the  micrometer.  For  reasons  already  given 
his  instrument  and  results  were  not  made  public  for  many  years. 
As  early  as  1638  he  had  constructed  a  micrometer  which  measured 
the  forty-thousandth  part  of  a  foot,  and  he  had  applied  the  same 
instrument  to  his  telescope.  Many  of  his  measurements  of  the 
semi-diameter  of  the  sun  are  within  two  seconds  of  the  true  value, 
and  his  determination  of  the  variation  in  the  apparent  diameter  of 
the  sun  throughout  the  year  is  within  3".  His  apparatus  consisted 
of  two  strips  of  metal,  one  of  which  was  fixed  and  the  other  mov- 
able. These  were  made  tangent  to  the  limbs  of  the  body  to  be 
measured  and  the  distance  between  them  expressed  in  terms  of 
revolutions  of  the  screw. 
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We  have  no  record  of  tlie  history  of  his  invention,  but  the 
same  principle  was  independently  discovered  twenty  years  after  on 
the  continent.  Huyghens,  in  1659,  pointed  out  the  fact  that  an  ob- 
ject placed  at  the  focus  of  a  telescope  appears  as  distinct  as  the  ob- 
ject looked  at.  He  placed  a  strip  of  metal  triangular  in  shape  at 
the  focus  and  noted  where  the  disc  of  a  planet  was  just  covered 
by  it.  Then  measuring  the  strip  at  that  point  with  his  dividers,  he 
easily  calculated  the  diameter.  The  Marcjuis  of  Malvasa,  in  1662, 
gave  another  method  of  arriving  at  the  same  result.  He  placed 
a  reticle  of  fine  silver  wires  crossing  each  other  at  right  angles  at 
the  focus  of  his  telescope.  By  allowing  a  star  near  the  equator  to 
trail  across  them,  he  found  their  angular  distance  apart,  and  could 
then  use  the  reticle  to  measure  the  diameter  of  an}-  body  within 
the  field  of  view.  If  one  limb  of  the  body  to  be  measured  fell  be- 
tween two  divisions,  an  estimate  had  to  be  made  of  that  part  of  the 
diameter.  This  was  superior  to  the  method  of  Huyghens,  be- 
cause when  the  distance  between  the  threads  had  once  been  ascer- 
tained, it  could  be  used  for  any  diameter  or  for  the  distance  be- 
tween stars.  Auzout,  in  1666,  substituted  for  the  reticle  two  silk 
threads,  one  fast  and  the  other  movable,  and  so  reproduced  the 
micrometer  of  Gascoigne,  which  was  similar  in  j)rinciple  to  those 
in  use  to-day. 

The  telescope  and  the  pendulum  completely  revolutionized  the 
methods  of  observation.  The  telescope  with  its  reticle  or  wires 
and  its  micrometer  enabled  the  observer  to  point  his  instrument 
accurately  to  any  part  of  the  earth  or  sky  and  measure  small  dis- 
tances. The  pendulum,  by  controlling  the  movement  of  clocks, 
enabled  the  observer  to  definitely  determine  longitudes  and  fix 
the  right  ascension  of  stars.  Opinion  was  gradually  settling  in 
favor  of  fixed  instruments  in  the  plane  of  the  meridian  for  deter- 
mining the  position  of  heavenly  bodies.  Picard,  of  the  Royal  Ob- 
servatory of  Paris,  was  one  of  the  first  to  advocate  this,  but  it  was 
not  till  1683  that  the  observatory  had  such  an  instrument  in  posi- 
tion. 

Tycho  Brahe  had  a  mural  quadrant  in  the  meridian,  but  it  was 
before  the  time  of  telescopes,  and  hence  his  observations  could  not 
be  compared  with  those  made  at  Paris.  The  next  step  in  instru- 
ments and  the  art  of  observation  was  taken  by  Ronier,  a  Danish 
astronomer,  who  invented  the  transit  circle  and  the  altazimuth. 
His  transit  circle  was  completed  in  1690,  and  consisted  of  a  tele- 
scope mounted  on  a  horizontal  axis  and  movable  only  in  the  plane 
of  the  meridian.  A  vertical  circle  was  attached  to  the  axis  and 
read  by  a  microscope.     A  small  mirror  inside  the  tube  reflected 
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light  on  the  reticle.  This  instrument  was  in  all  essential  parts  ex- 
cept the  level  exactly  like  our  modern  transit  circles.  But  the  en- 
gineer was  to  profit  by  Romer's  work  as  well  as  the  astronomer, 
for  he  invented  an  altazimuth  instrument  which  was  similar  to  our 
present  engineer's  transit.  It  had  a  horizontal  circle  of  3  feet  8 
inches  in  diameter  and  a  vertical  circle  3  feet  5  inches  in  diameter. 
Tycho  Brahe  had  made  an  instrument  movable  in  azimuth,  but  his, 
of  course,  had  no  telescope. 

The  Royal  Observatory  at  Greenwich  was  founded  in  1674  to 
correct  the  places  of  the  heavenly  bodies  so  that  accurate  determi- 
nations of  longitude  could  be  made.  None  of  the  instruments  of 
the  ancient  astronomers  could  be  used  to  advantage  on  the  decks 
of  moving  vessels,  and  hence  determinations  of  latitude  and  longi- 
tude at  sea  were  very  imperfect. 

The  invention  of  the  reflecting  sextant  removed  this  difficulty. 
The  idea  of  such  an  instrument  first  occurred  to  Hooke  in  Eng- 
land, but  the  idea  was  not  given  to  the  world.  Later  it  was  inde- 
pendently invented  by  Hadley  in  1730,  and  by  Thomas  Godfrey,  of 
Philadelphia,  in  the  same  year.  From  that  time  the  sextant  has 
been  the  only  instrument  used  to  determine  positions  at  sea.  Its 
use  is  too  well  known  to  need  description.  The  repeating  circle, 
by  which  an  angle  can  be  repeated  an  indefinite  nvunber  of  times, 
was  invented  by  Tobias  Mayer  in  1756.  In  this  instrument  the 
errors  of  reading  are  reduced  to  two,  one  at  the  beginning  and  one 
at  the  end  of  the  series.  Maskelyne,  who  began  work  at  Green- 
wich in  1765,  was  the  first  to  observe  transits  of  stars  on  five  verti- 
cal wires  of  the  telescope  and  to  record  time  to  tenths  of  a  second. 
In  1767  he  began  the  publication  of  the  British  Nautical  Almanac, 
which  has  been  published  yearly  ever  since.  Later  other  govern- 
ments undertook  similar  publications.  These  almanacs  are  used 
by  the  civil  engineer  to  determine  the  place  of  the  sun  in  work  with 
the  solar  transit  and  for  the  determination  of  azimuth.  It  has 
been  stated  that  Romer  constructed  a  transit  circle  for  the  obser- 
vation of  stars  and  that  the  divisions  were  read  by  rneans  of  a 
microscope.  The  idea  of  a  micrometer  microscope  was  first  sug- 
gested in  1768,  but  was  not  applied  to  a  transit  circle  till  1789, 
when  Ramsdcn  constructed  a  large  instrument  for  Piazzi,  the  Ital- 
ian astronomer. 

Hie  improvements  in  the  methods  of  geodesy  are  no  less  in- 
teresting than  those  of  astronomy.  A  few  of  the  efforts  made  to 
determine  the  length  of  -an  arc  of  the  meridian  will  be  mentioned. 
The  attempt  of  Eratosthenes  has  already  been  related.  The  Arabs 
gave  some  attention  to  this  subject.     The  Caliph  Almamoum,  in 
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1814  A.  D.,  sent  two  companies  of  astronomers  north  and  south 
to  measure  distances  on  the  surface  of  the  earth  until  they  found  a 
difference  of  one  degree  of  latitude,  but  the  result  was  not  very 
satisfactory.  In  1500  Fernel,  a  Frenchman,  determined  a  distance 
on  the  earth  by  counting-  the  revolutions  of  his  carriage  wheels. 
He  obtained  his  latitude  by  means  of  a  triangle.  In  1617  Snell 
measured  a  base  line  on  the  frozen  meadows  near  Leyden  and  ob- 
served his  latitudes  by  means  of  a  quadrant.  In  1637  Norwood, 
an  Englishman,  observed  the  latitudes  of  London  and  York  and 
determined  the  distance  between  them  on  the  public  road  partly  by 
a  chain  and  partly  by  pacing.  Strange  to  say,  he  obtained  a  very 
fair  result.  It  was  not  until  1669  that  a  careful  determination  of 
this  important  element  was  made  by  methods  which  have  since 
been  followed.  Picard,  the  noted  French  astronomer,  measured 
a  base  line  with  wooden  rods  placed  end  to  end,  and  from  this  cal- 
culated the  distance  between  his  stations  by  means  of  a  series  of  tri- 
angles. His  angles  and  latitudes  were  measured  with  the  best 
instruments  of  the  day,  provided  with  telescopes  having  cross  hairs. 

We  have  thus  briefly  traced  the  history  of  instruments  and 
the  art  of  observing  from  the  time  of  the  gnomon  and  the  astrolabe 
to  that  of  the  transit  circle  and  the  altazimuth;  from  observations 
along  the  equator  and  the  ecliptic  to  those  along  the  horizon  and 
in  the  meridian;  from  pinnules  and  open  sights  to  the  telescope 
and  cross  hairs;  from  the  clepsydra  to  the  astronomical  clock. 
This  account  closes  with  the  beginning  of  modern  instruments. 

It  can  best  be  continued  by  some  of  our  own  members  who 
have  brought  instrumental  workmanship  nearly  to  perfection,  and 
who  will  in  the  future,  I  am  sure,  explain  to  us  some  of  the  secrets 
of  their  art. 
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THE  STATUS  OF  THE   ENGINEER. 


By  George  F.  Swain,  President  of  the  Boston  Societv  of  Civil 

Engineers. 


[Read  before  tlie  Society,  March  17,  1897.*] 

I  DESIRE  to  call  your  attention,  this  evening,  to  a  few  general 
matters  connected  with  the  profession  of  the  engineer,  that  have 
frequently  occupied  my  thoughts. 

What  is  the  status  of  the  engineer  to-day  as  compared  with 
that  of  members  of  other  learned  professions?  What  are  our  de- 
fects, and  what  can  be  done  to  remedy  them?  I  will  call  your 
attention  to  but  a  few  considerations. 

And  let  me  say  here,  that  I  do  not  believe  there  is  a  body  of 
men  the  world  over  that  in  integrity  and  uprightness  of  character 
stands  on  a  higher  plane  than  the  engineering  profession — men  of 
nerve  and  sinew,  who  grapple  with  the  forces  of  nature  and  subdue 
them;  men  who  seek  only  after  truth,  and  are  not  concerned  to 
make  the  worse  appear  the  better  reason.  W'e  should  all  be  proud 
to  be  members  of  this  profession ;  but  we  should  the  more  critically 
survey  ourselves,  scrutinize  our  faults,  and  lend  all  our  efforts 
to  securing  for  ourselves  the  position  in  the  world  that  we  should 
justly  attain. 

To  my  mind,  the  principal  defect  among  engineers  to-day  is  a 
lack  of  breadth  and  culture.  Engineering,  in  its  highest  sense,  is 
no  doubt  a  learned  profession,  but  it  is  too  apt  to  be  a  narrow  one. 
In  many  of  its  branches  it  should,  if  properly  practiced,  require  as 
great  learning  and  as  firm  a  mastery  of  scientific  principles  as  any 
other  profession.  Pkit  there  is,  to  my  mind,  no  doubt  that  the 
engineer  does  not  occupy  as  high  a  position  in  modern  life  as  do 
members  of  the  professions  of  law,  medicine,  or  theology,  and  I 
believe  it  is  mainly  on  account  of  this  defect.  The  engineer  is  too 
often  looked  upon  as  a  skilled  artisan,  as  one  who  works  with 
actual  materials,  but  without  the  aid  of  art,  and  sometimes  without 
the  aid  of  science.  There  are,  of  course,  many  exceptions,  but  I 
believe  that  engineers  to-day  have,  as  a  rule,  less  breadth  of  edu- 
cntion  and  sympathy,  are  narrower  and  less  cultured  than  mem- 
bers of  these  other  ]jrofessions.  How  many  engineers  are  well 
acquainted  with  literature  or  history,  art  or  music?  I  repeat,  there 
are  exceptions,  but  they  only  prove  the  rule.  Engineers  associate 
too  exclusively  with  men  of  their  own  profession  and  not  enough 
^.Manuscript  received  April  J,  1897.— Secretary  Ass'n  of  Eng.  Socs. 
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with  leading  men  of  other  calhng's.  This  will  be  noticed  if  you 
examine  the  list  of  members  of  any  important  club.  I  have  one 
in  mind  in  this  city,  composed  of  scientific  and  literary  men  and 
artists,  in  which,  out  of  a  total  number  of  496,  only  11  are  en- 
gineers, while  over  80  are  doctors  and  as  many  are  lawyers.  In 
another  prominent  club  in  this  city,  which  has  a  membership  of 
550.  only  8  are  engineers.  In  the  Institute  of  Technology,  with 
1,196  students,  80  are  college  graduates,  or  6.7  per  cent.  In  the 
Harvard  Medical  School,  of  454  students,  163  are  college  gradu- 
ates, or  36  per  cent.  In  the  Harvard  Law  School,  of  404  students^ 
305  are  college  graduates,  or  75  per  cent.  These  figures  lend  ad- 
ditional proof  to  the  statements  made  above. 

This  condition  of  things  is  easily  explainable ;  in  fact,  it  could 
not  well  be  otherwise.  It  is  not  that  engineering  is  a  younger  pro- 
fession, for  it  can  claim  an  ancestry  as  old  as  almost  any.  Engi- 
neers had  built  the  Pyramids  long  before  Herodotus  was  born, 
before  the  laws  of  Moses  were  framed.  Assyrian  engineers  built 
great  bridges  and  reservoirs,  and  diverted  rivers  from  their  courses,, 
before  Hippocrates  practiced  the  healing  art,  before  Hipparchus 
observed  the  stars,  before  Euclid  founded  the  science  of  geometry. 
The  practice  of  engineering  preceded  its  science.  Great  hydraulic 
works  and  great  bridges  were  built  before  experiment  had  deter- 
mined even  the  most  elementary  laws  of  hydraulics,  and  before 
the  simplest  principles  of  mechanics  had  been  formulated. 

Engineering  is.  therefore,  as  old  a  profession  as  any.  unless 
it  be  that  of  religion,  which  must  have  had  its  origin  when  human 
emotions  were  born.  This  very  fact,  however,  helps  to  explain  its 
present  status.  Engineering  w-as  long  considered  as  a  trade,  not 
based  on  science,  or  learning,  or  research.  The  engineer  was  an 
artisan,  a  builder,  not  a  man  of  science.  And  so  of  old,  as  to-day^ 
the  builder  was  forgotten,  while  the  warrior,  the  priest,  or  the  legis- 
lator was  remembered.  We  know  the  names  of  the  monarch s 
under  whom  the  Pyramids  were  built,  but  we  do  not  know  the 
names  of  the  engineers.  We  know-  the  .Roman  emperors  under 
whom  Rome's  great  bridges  were  built,  while  in  many  cases  the 
builders  are  unknown.  And  so  to-da}'.  when  we  ask.  "Who  built 
this  railroad?"  are  we  given  the  name  of  the  engineer  who  actually 
constructed  it?  On  the  contrary,  the  credit  is  too  often  given  to 
some  financier  or  promoter. 

Neither  is  the  condition  of  things  to  which  I  refer  due  to  any 
inferiority  of  engineering  as  a  learned  profession.  The  fact  is 
becoming  recognized  that  engineering  in  its  higher  branches  calls 
for  a  mental  equipment  as  extensive,  as  elaborate,  as  highly  spe- 
cialized, and  as  exact  as  any  other  profession. 
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To  what,  then,  is  this  condition  of  things  due?  As  nearly  as 
I  have  been  able  to  analyze  it,  it  seems  to  me  to  be  due  to  three 
things:  First,  the  extremely  rapid  strides  that  constructive  engi- 
neering has  taken  within  a  very  few  years,  in  which  the  number 
and  extent  of  structures  built  are  many  times  as  great  as  all  that 
have  been  constructed  in  centuries  previous;  second,  the  fact  that 
engineering  requires  the  services  of  a  large  number  of  men,  such 
as  rodmen,  chainmen,  or  draughtsmen,  who  need  no  learning  or 
education  whatever,  or  at  least  very  little,  in  order  to  do  their 
work  satisfactorily;  and,  third,  the  fact — or  what  seems  to  me  to  be 
a  fact — that,  in  the  past,  judgment  and  experience  seem  to  have  en- 
tered in  a  larger  proportion  into  the  work  of  the  engineer  than 
into  the  work  of  men  of  other  professions. 

Of  the  great  development  which  engineering  has  undergone 
within  the  past  fifty  or  one  hundred  years^  since  the  childhood 
of  the  railroad  and  the  steam  engine,  nothing  further  need  be  said. 
While  I  am  unable  to  prove  by  figures  the  truth  of  the  statement, 
yet  I  believe  it  to  be  a  fact,  that  the  value  of  the  works  constructed 
by  engineers  during  this  period  is  greater  than  the  value  of  all 
previous  works  constructed  by  members  of  our  profession  since  the 
beginning  of  the  Christian  era,  if  not  since  the  beginning  of  history. 
Think  of  our  present  industrial  development — our  railways,  en- 
gines, factories,  steamships,  bridges,  water  works,  and  engineering 
works  of  all  kinds,  the  product  of  the  present  century.  Think  of 
the  iron  and  steel  industry  of  to-day,  the  petroleum  and  gas  indus- 
tries, the  electrical  industry. 

This  enormous  development  has  suddenly  required  the  ser- 
vices of  an  army  of  engineers,  and  out  of  this  army  many  men 
with  force  of  character,  practical  sense,  and  inventive  genius,  but 
without  education,  have  risen  from  the  ranks  of  labor  to  the 
highest  positions.  When  this  development  began  there  were  no 
schools  of  engineering.  Indeed,  while  a  scholastic  education  has 
for  centuries  been  considered  a  necessary  preparation  for  the  law- 
yer, the  physician,  or  the  divine,  engineering  education  is  yet 
hardly  a  century  old.  The  greatest  of  engineers,  George  Stephen- 
son and  James  Watt,  men  to  whom  the  world  is  forever  indebted, 
had  no  education  except  what  they  were  able  to  acquire  them- 
selves. Except,  perhaps,  on  the  continent,  education  and  culture 
were  not  considered  necessary  for  the  engineer,  who,  as  already 
stated,  w^as  considered  an  artisan.  Soon,  however,  technical 
schools  were  established  and  colleges  introduced  technical  courses, 
and  the  character  of  the  men  pouring  into  the  ranks  of  the  profes- 
sion in  this  countrv  began  to  change.     Since  that  time,  with  occa- 
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sional  periods  of  depression,  engineering  schools  have  not  been 
able  to  suppl_v  a  sufficient  number  of  trained  men  to  recruit  the 
ranks  of  the  industrial  army,  and  young  men  with  little  or  no 
education  still  find  ample  opportunity  to  enter  the  profession. 
i*ilany  of  them  go  into  engineering  as  others  go  into  carpentry; 
they  begin  by  holding  a  rod,  and  after  gaining  experience  and 
some  command  of  elementary  scientific  principles  they  may  suc- 
ceed in  winning  positions  of  responsibility  and  trust.  Some  of 
them,  too,  may  be  men  of  great  natural  ability,  who  are  able  to 
make  up  by  their  own  efforts  for  lack  of  facilities  and  training 
which  they  perhaps  could  not  afford  in  their  youth.  In  England, 
as  }'ou  all  know,  there  w'as  until  a  few  years  ago  very  little  engi- 
neering education.  Engineers  were  trained  by  the  old  apprentice 
system,  entering  the  office  of  a  practicing  engineer  and  paying 
him  a  considerable  sum  yearly  for  the  privilege  of  working  for  him 
and  learning  what  they  could.  In  the  course  of  time  they  became 
paid  assistants,  or  entered  upon  practice  for  themselves. 

As  already  stated,  I  believe  it  to  be  a  fact  that,  in  engineering, 
scientific  knowledge  thus  far  has  counted  for  relatively  less  in 
proportion  to  experience  and  judgment  than  in  other  professions. 
Engineering  is,  or  at  least  has  been,  largely  practical.  It  has  de- 
pended, perhaps,  more  on  good  sense  than  on  the  calculus;  more 
on  judgment  than  on  mechanics;  more  on  experience  than  on 
books.  This  is  true,  I  think,  of  all  branches,  though  perhaps  less 
so  of  electrical  engineering  than  of  others;  and  yet  even  in  this 
branch,  which  is  by  some  supposed  to  be  extremely  mathematical, 
and  in  which  the  science  has  preceded  the  practice,  a  prominent 
young  electrical  engineer,  a  graduate  of  one  of  our  foremost  col- 
leges, being  recently  asked  by  a  friend  of  mine  how  much  mathe- 
matics he  used  in  his  work,  said  that  he  had  no  occasion  to  go 
beyond  the  slide  rule.  Scientific  knowledge,  however,  I  am  glad 
to  say,  is  now  beginning  to  obtain  the  position  which  it  should 
hold. 

I  must  not,  however,  omit  to  call  attention  here  to  the  fact 
that  science  has  profited  by  engineering  perhaps  as  much  as  engi- 
neering has  profited  by  science.  The  engineer  has  forced  a  rec- 
ognition of  the  dignity  of  utilitarian  science.  I  remember  even 
within  a  few  years  hearing  an  old  and  prominent  scientist  express- 
ing deep  regret  that  a  brother  scientist  had  condescended  to  devote 
his  talents  to  utilitarian  ends,  and  it  seems  to  have  been  for  a  long 
time  the  feeling  of  narrow  men  of  the  former  generation  that  a 
scientist  should  not  devote  himself  to  anything  that  could  possibly 
have  any  practical  value.     What  a  contrast  to  the  broader  attitude 
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of  mind  wliich  prevails  at  present,  when  the  highest  work  of  the 
scientist  is  to  attack  practical  problems. 

The  reasons  given  above  are  sufificient,  I  think,  to  account  for 
the  present  condition  of  things.     The  next  question  is,  How  can  it 
be  remedied?     The  answer  is.  by  cultivating  the  humanities  and 
the  science  of  engineering.     If  the  condition  of  things  described  is 
correct,  we  should  first  realize  that  it  is  so,  and  then  make  up  our 
minds  to  improve  it.     No  improvement  is  ever  made  by  shutting 
our  eyes  to  our  defects.     We  must  realize  that  the  engineer  should 
strive  not  only  to  make  himself,  first  of  all,  a  good  engineer,  but. 
secondly,  a  man  of  broad  and  liberal  sympathies,  and  that  in  hi? 
professional  work  he  should  encourage  in  every  possible  wav  the 
science  of  engineering,  discouraging  rule-of-thumb  methods,  and 
striving  to  do  everything  in  his  pow  er  to  make  his  |)rofession  rank 
with  the  other  learned  and  scientific  professions.     During  the  last 
few  decades  our  engineermg  schools  have  sprung  into  existence, 
and  they  have  been  doing  a  great  work  in  improving  the  status  of 
the    engineering   profession.      But    there    is    vet    room    for    even 
greater  exertion.     Even  the  young  man  who  graduates  from  one 
of  them  with  a  creditable  record,  e(|uipped  with  much  book  knowl- 
edge, and  with  a  command  of  the  principles  of  modern  science 
sufificient  to  launch  him  on  his  career,  may  be  and  generally  is 
wofully  lacking  in  breadth.     There  are  many  such  men,  and  they 
have  done  and  will  do  excellent  work.     But  many  of  them  some- 
what resemble  a  Western  town  which  has  sprung  up  in  a  few  years 
from  the  ])rairie,  completely  etjuipped  with  water  works,  electric 
lights,  a  sewerage  system,  street  railroads,  and  all  the  appliances 
of  modern  civilization.     And  yet  something  is  lacking — the  mel- 
lowness which   comes   from   association   with   the   traditions   and 
learning  of  the  past.     Perhaps   I   am   wrong  in   the   conclusions 
which  T  have  reached,  and  yet  T  may  truthfully  say  that  these  re- 
flections have  been  forced  upon  me  by  the  realization  of  my  own 
deficiencies  rather  than  by  any  observation  of  the  deficiencies  of 
others. 

T  liave  said  that  our  engineering  schools  are  doing  a  great 
work  in  improving  the  status  of  the  engineer.  There  is  a  dififer- 
ence,  however,  between  engineering  schools,  a  difference  between 
fundamental  points  which  appears  to  me  to  have  great  bearing 
upon  this  question.  There  are  two  classes  of  such  schools  in  this 
countrv,  differing  with  regard  to  the  character  of  the  course  of 
study,  in  one  class  this  course  includes  not  simply  technical  sub- 
jects, but  also  a  fair  proportion  of  general  studies — history,  liter- 
ature, language,  and  economics.     In  the  other  class  the  curriculum 
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includes  solely  professional  studies,  without  a  single  hour  in  the 
entire  four  years  devoted  to  g-eneral  subjects.  It  is  a  serious  ques- 
tion, and  a  question  that  the  enj^^ineering-  profession  of  the  country 
must  ultimately  decide,  which  of  these  plans  is  the  correct  one. 

Those  who  have  charo-e  of  the  schools  in  which  no  general 
studies  are  taught  claim  that  the  engineering  school  should  be  a 
post-graduate  institution;  that  the  young  man  coming  there  should 
be  a  college  graduate,  and  that  the  engineering  course  should  be 
such  as  to  offer  the  fullest  technical  training.  This,  I  admit,  would 
be  an  ideal  condition,  but  I  believe  it  can  never  be  attained  in  this 
country,  where  a  large  majority  of  the  young  men  who  attend 
engineering  schools  will  have  neither  the  time  nor  the  money  to 
take  a  college  course  first.  They  now  come  to  the  technical 
schools  with  essentiallv  the  same  amount  of  preparation  which 
students  possess  who  enter  college,  and  this  will  continue  to  be 
the  case.  In  engineering  schools,  therefore,  which  ofTer  only  tech- 
nical studies,  a  large  majority  of  the  graduates  have  been  and  will 
continue  to  be  equipped  only  with  the  general  knowledge  that 
they  have  acquired  in  the  preparatory  schools.  Their  technical 
training  is  narrow,  and  tends  to  stifle  what  little  interest  they  may 
originally  have  taken  in  general  studies.  My  own  feeling,  there- 
fore is  decidedlv  against  such  a  curriculum.  I  believe,  however, 
that  it  is  adopted  largely  in  deference  to  the  wishes  of  the  students 
themselves  and  of  practicing  engineers. 

From  an  experience  of  many  years  in  teaching,  I  can  testify 
to  the  dif^culty  of  making  students  in  engineering  schools  appre- 
ciate the  importance  of  any  studies  not  purely  technical  in  char- 
acter. Filled  with  enthusiasm  for  the  profession  that  they  are 
about  to  enter,  they  wish  to  devote  themselves  entirely  to  it,  and  it 
is  only  after  they  have  neglected  the  opportunity  to  broaden  them- 
selves that  they  realize  the  loss,  if,  indeed,  they  realize  it  at  all. 
And  let  me  also  express  my  conviction  that  any  young  man  who 
has  in  him  the  elements  of  success  will  be  a  better  and  broader 
engineer,  as  well  as  a  better  citizen,  ten  or  twenty  years  after  grad- 
uating, for  having  devoted  some  considerable  time  during  his 
school  days  to  general  literary  or  economic  studies.  Parents  who 
are  not  engineers,  generally,  I  think,  desire  to  have  their  sons  re- 
ceive a  broad  training,  and  they  are  unable,  of  course,  to  appre- 
ciate the  detail  of  the  various  courses  presented  in  technical 
schools.  If  their  son  gets  a  course  in  stereotomy,  they  do  not 
know  or  care  whether  it  includes  a  very  large  amount  of  time  de- 
voted to  the  skew  arch  or  not.  Practicing  engineers,  however, 
and  students  who  do  not  know  what  they  ought  to  have,  but  wish 
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to  devote  themselves  purely  to  engineering,  and  take  no  interest 
in  anything-  else,  are,  I  believe,  almost  always  attracted  by  the 
large  amount  of  time  given  in  a  purely  technical  course  to  the  de- 
tails of  professional  practice,  and  our  schools  are  striving  among 
themselves  to  see  which  can  carry  its  undergraduate  technical  in- 
struction to  the  highest  point,  no  matter  how  narrow  may  be  the 
graduate  turned  out.  I  am  not  arguing  that  a  technical  school 
should  not  endeavor  to  carry  its  instruction  to  the  highest  point, 
but  I  insist  that  the  proper  place  for  many  advanced  technical  stud- 
ies is  not  in  the  regular  undergraduate  course,  but  in  a  post-gradu- 
ate course.  Every  student  who  graduates  from  a  technical  school 
should,  in  my  opinion,  have  had  a  fair  amount  of  training  in  gen- 
eral studies.  Students  who  desire  to  pursue  advanced  technical 
courses,  or  college  graduates  coming  to  such  a  school,  who  have 
already  completed  the  general  studies,  should  find  post-graduate 
courses  ready  for  them. 

If  my  view  is  correct,  it  becomes  the  duty  of  every  engineer, 
whether  he  has  had  the  advantage  of  a  technical  training  or 
whether  he  has  by  experience,  native  good  sense,  and  good  judg- 
ment attained  a  responsible  position — every  engineer,  I  say,  should 
lend  his  aid  to  counteract  the  narrowing  tendencies  of  the  profes- 
sion. He  should,  other  things  being  equal,  in  employing  assist- 
ants give  the  preference  to  men  who  have  had  a  technical  training, 
and,  more,  he  should  give  the  preference,  other  things  being  equal, 
to  men  who  have  had  a  general  training  as  well  as  a  technical 
training.  He  should  encourage  young  men  to  enter  the  engi- 
neering schools,  and  discourage  the  attempt  to  become  engineers 
upon  leaving  the  preparatory  school.  He  should  do  everything 
in  his  power  to  broaden  himself  by  general  reading  and  studies, 
and  by  associating  with  men  in  other  callings.  Only  those  in  a 
profession  can  raise  its  standard. 

I  do  not  wish  to  be  understood  as  definitely  advising  a  young- 
man  who  wishes  to  become  an  engineer  to  take  a  college  course 
before  going  to  a  technical  school.  I  simply  wish  to  insist  that  he 
should  in  some  way  gain  a  breadth  of  training  outside  of  his  tech- 
nical studies.  One  way  is  to  take  a  college  course  first;  another 
is  to  go  to  a  technical  school  where  the  course  is  broad,  and  where, 
if  he  has  the  time,  he  may  spend  five  or  more  years,  instead  of  the 
usual  four.  To  discuss  the  relative  advantages  of  these  two  plans 
would  lead  me  too  far,  and  is  not  necessary  in  the  present  con- 
nection. 

Let  us  take  a  step  further.  The  student  graduates  from  the 
technical  school  and  enters  upon  the  practice  of  his  profession. 
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He  has  been  received  by  the  profession,  and  its  status  has  been 
altered  correspondingly.  According-  as  he  is  good  or  bad,  its 
standard  has  been  raised  or  lowered.  Thenceforth  he  must  labor 
with  the  rest  to  improve  the  standard.  This  leads  us  to  the  prop- 
osition, which  has  already  been  stated  in  another  way,  that  we 
should  all  labor  to  attract  only  the  best  men  into  the  profession. 
One  of  the  first  questions  presenting  itself  to  the  young  man  con- 
cerns his  entrance  into  some  engineering  society,  and  we  are  thus 
brought  to  consider  the  relations  which  engineering  societies 
should  have  to  new  members  of  the  profession.  I  will  consider 
but  one  question  in  this  connection,  for  I  have  already  occupied 
too  much  of  your  time.  What  should  be  the  requirements  for 
admission  to  engineering  societies?  Granting  that  the  object  of 
an  engineering  society  is  to  raise  the  standard  of  the  profession, 
and  that  this  can  be  done  best  by  encouraging  the  scientific  ele- 
ment, the  educational  element,  the  broadening  element,  it  seems  to 
me  that  in  the  larger  engineering  societies  there  should,  in  the  first 
place,  be  several  grades  of  membership;  in  the  second  place,  that 
these  grades  should  differ  very  considerably  in  their  requirements; 
and  in  the  third  place,  that  education  should  be  considered  as  the 
equivalent  of  a  very  considerable  period  of  experience  in  judging 
of  a  young  man's  eligibility. 

No  society  can  make  its  membership  a  criterion  of  ability. 
There  always  will  be  poor  men  inside  and  good  men  outside,  I 
think  the  requirements  for  the  lowest  grade  of  membership  should 
be  very  low;  for  the  highest  grade,  very  high.  Men  can  but  be 
improved  by  entering  a  professional  society,  and  by  thus  improv- 
ing them  the  standard  of  the  profession  as  a  whole  will  be  raised. 
In  the  American  Society  of  Civil  Engineers  a  four  years'  technical 
course  is  considered  equivalent  to  two  years  of  actual  practice.  I 
believe  it  would  be  more  nearly  correct  to  reverse  the  figures,  and 
consider  that  a  technical  course  of  two  years  should  be  equivalent 
to  four  years  of  actual  practice.  Certainly  a  young  man  who 
begins  the  practice  of  his  profession  at  sixteen  years  of  age,  and 
by  the  time  he  is  twenty  has  spent  four  years  holding  a  rod,  keep- 
ing notes,  and  perhaps  using  a  transit,  should  not  be  considered 
the  equivalent,  in  the  influence  which  he  is  able  to  exert  on  the 
profession,  of  a  young  man  who  has  spent  the  same  four  years  in 
the  college  or  technical  school,  and  the  difference  between  the  two 
men  will  be  brought  out  still  more  fully  in  the  succeeding  four 
years.  To  my  mind,  it  would  perhaps  be  nearer  right  to  make 
one  year  of  school  work  equivalent  to  one  year  of  practice.  A 
man  of  brains  does  not  need  to  hold  the  rod  for  a  year.     If  he  is 
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equipped  with  tlie  principles  of  his  profession,  and  has  the  prac- 
tical sense  without  Avhich  no  man  can  succeed,  a  very  short  appren- 
ticeship in  many  directions  should  be  sufficient  to  qualify  him  for 
advancement.  I  believe,  therefore,  that  too  much  weight  is  given 
to  experience  and  too  little  to  education,  judgment,  and  practical 
good  sense  in  the  requirements  of  some  of  our  engineering  soci- 
eties. I  personally  know  of  instances  where  young  men  have  been 
rejected  who  have  applied  for  admission  whom  I  knew  to  be 
broader,  abler,  and  better  men  in  every  way  than  many  others  who 
had  for  years  been  members. 

In  the  case  of  some  societies,  as  in  our  own,  and  local  soci- 
eties generally,  it  is  impracticable  to  have  many  grades,  and,  in 
fact,  there  is  fair  ground  for  discussion  whether  it  is  not  better  to 
.abolish  grades  entirely  in  all  societies,  having  but  one  grade  of 
membership.  If  this  course  is  adopted,  I  am  convinced  that  the 
requirements  should  be  low,  not  high,  as,  for  instance,  is  the  case 
in  our  own  society  and  in  the  American  Institute  of  Mining  En- 
gineers, to  which  almost  anybody  is  eligible.  The  object  in  this 
case  should  be  to  do  the  greatest  good  to  the  greatest  number. 
The  greatest  number  will  always  be  eligible  to  the  lower  grades. 
If  there  is  to  be  one  grade,  therefore,  let  it  be  a  low  one.  Men 
eligible  under  greater  restrictions  will  not  be  harmed;  men  eligible 
under  low  restrictions  only  will  be  benefited. 

I  might  go  further  and  discuss  the  relations  of  the  engineering 
society  and  the  technical  school,  but  I  have  already  occupied  a 
longer  time  than  I  expected.  I  have  alluded  to  the  fact  that  the 
practicing  engineer,  whether  he  be  a  graduate  or  not,  should  en- 
courage a  yoimg  man  to  get  the  best  education  he  can,  and  to  en- 
courage the  most  cordial  relations  between  the  school  and  the 
society.  Members  of  the  society  should  be  encouraged  to  go  to 
the  schools  for  data,  for  experimental  results,  and  for  such  other 
help  as  they  can  gain  there,  and  those  in  charge  of  professional 
schools  should  realize  that  their  success  depends  upon  the  support 
that  they  receive  from  the  profession. 

I  assure  you  again,  gentlemen,  that  I  appreciate  the  honor 
which  you  conferred  upon  me  in  electing  me  as  your  president  for 
the  past  year,  and  I  am  sure  that  the  year  has  proved  a  profitable 
and  interesti'ng  one.  I  predict  even  greater  success  for  the  year 
to  come. 
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Discussion  by  Thomas  Appleton,  Member  Boston  Society  of  Civil 

Engineers.! 

The  theory  of  special  taxes  for  public  improvements  is  that 
the  property  assessed  enjoys  some  special  benefit  from  the  con- 
struction of  the  improvement  in  question  apart  from  the  general 
benefit  to  the  entire  municipality.  For  instance,  the  construction 
of  a  sewer  might  remove  ground  water  from  a  certain  lot,  making 
it  possible  to  build  a  cellar  which  would  be  impracticable  without 
such  sewer.  Or  the  construction  of  a  sewer  might  make  it  possi- 
ble to  construct  a  building  with  plumbing  and  sanitary  conven- 
iences, which  would  be  entirely  impracticable  without  the  sewer. 
Another  lot  in  the  immediate  vicinity  might  not  be  able  to  drain 
into  this  sewer  owing  to  the  topographical  features  of  the  territory, 
so  that  an  entirely  different  sewer  would  be  required  to  afiford  the 
latter  lot  the  same  conveniences  which  the  former  ones  enjoy. 

It  will  readily  be  admitted  that  any  public  improvement,  such 
as  a  well-planned  sewerage  system,  which  improves  the  healthful- 
ness  of  a  community,  is  a  benefit  to  the  entire  municipalit}^  and 
this  benefit  may  extend  even  beyond  the  municipal  boundaries. 
But  this  widespread  general  benefit  cannot  be  as  readily  measured 
in  dollars  and  cents  and  apportioned  to  each  parcel  of  land  as  the 
special  benefit  which  some  particular  lot  enjoys,  from  the  possi- 
bility of  a  direct  connection  with  the  sewer.  It  would  also  be  con- 
ceded that  one  lot  would  receive  a  greater  benefit  than  another 
from  a  certain  public  improvement,  but  just  how  much  in  dollars 
and  cents  the  owner  of  a  lot  ought  justly  to  pay  for  such  a  public 
improvement  is  a  question  requiring  infinite  wisdom  to  answer. 
In  the  nature  of  things,  special  taxes,  such  as  sewer  assessment, 
must  be  arbitrary.  The  power  to  make  such  assessments  is  usually 
placed  in  the  hands  of  some  public  officer  or  board,  and  when  the 
assessment  is  once  made  by  the  proper  authority  in  accordance 
with  the  law,  the  courts,  as  a  rule,  sustain  the  assessment  as  made. 
If  the  question  were  thrown  open  to  interested  parties  and  their 
attorneys,  there  is  ground  for  interminable  argument  on  the  jus- 
tice of  any  special  tax  for  public  improvement  that  ever  was  levied. 

There  are  many  methods  of  levying  assessments  for  the  cost 
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of  special  improvements,  all  having  the  same  end  in  view,  but  dif- 
fering widely  in  their  means  of  reaching  that  fend.  A  good  method 
should  be  a  simple  one  which  can  be  readily  understood  by  the 
j.eople  who  have  the  taxes  to  pay,  Mr.  Snow,  in  his  very  interest- 
ing paper  on  Sewer  Assessments,  has  described  various  methods 
of  making  sewer  assessments  as  followed  in  Massachusetts,  and 
gives  a  detailed  description  of  the  rental  method  employed  in 
Brockton.  The  writer  will  not  attempt  to  criticise  any  of  these 
methods,  each  of  which  has  its  reason  for  existence.  He  endorses 
Mr.  Snow's  statement  that  "every  investigator  can  find  facts  to 
satisfy  himself  that,  up  to  the  present  time,  sewer  assessments 
have  not  been  made  proportionate  to  benefits  received."  He  will 
go  further  and  say  that  with  all  the  wisdom  which  can  be  brought 
to  bear  on  the  subject,  no  special  assessment  will  ever  be  made 
that  can  be  mathematically  demonstrated  to  be  exact  justice  to  all 
concerned.  Nevertheless  he  is  confident  that  old  methods  can  be 
improved  upon,  and  to  further  this  end  he  will  roughly  describe 
the  methods  which  have  been  followed  in  some  Western  States. 

In  Missouri  cities,  sewer  districts  are  laid  out  by  the  City 
Engineer  and  approved  by  the  City  Council.  The  limits  of  a 
sewer  district  are  controlled  by  the  topographical  features.  All 
the  territory  which  can  readily  be  drained  by  one  main  sewer,  or, 
in  case  of  large  areas,  by  one  main  branch  sewer,  is  constituted  a 
sewer  district.  A  system  of  mains  and  laterals  is  planned  for  this 
sewer  district  and  placed  on  record,  and  thereafter  the  cost  of  any 
sewerage  construction  which  is  done  within  the  limits  of  that  dis- 
trict is  assessed  upon  the  entire  property  within  the  district,  pro 
rata  according  to  area.  The  area  of  all  lots  within  the  district, 
exclusive  of  streets  and  alleys,  is  computed,  and  this  sum  is  used  as 
the  denominator  in  calculating  any  sewer  assessment,  the  area  of 
each  lot  being  the  numerator.  While  this  method  bears  on  its 
face  the  appearance  of  equal  justice  to  all,  it  does  work  some  hard- 
ship. In  the  case  of  combined  sewers,  taking  the  water  from  the 
streets  and  alleys  as  well  as  from  buildings  and  plumbing  fixtures, 
the  improvement  of  the  streets  resulting  from  the  sewerage  may 
be  of  wide-spread  general  benefit,  and  yet  the  limited  sewer  dis- 
trict pays  the  entire  cost.  To  partially  compensate  for  this  seem- 
ing injustice,  sometimes  a  portion  of  the  main  trunk  sewer  of  the 
district  is  made  a  "Public  Sewer,"  and  its  cost  is  paid  for  out  of 
the  general  fund,  all  extensions  thereafter  being  paid  for  by  special 
tax  on  the  property  within  the  district.  Again,  the  construction 
of  the  entire  district  sewerage  system  may  be  a  matter  of  years. 
The  portions  adjacent  to  the  outlet  are  built  first,  and  the  lots  bor- 
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dering  on  this  part  of  the  sewer  are  assessed  just  the  same  aitiount 
per  square  foot  of  area  as  the  remote  lots  at  the  upper  end  of  the 
district,  which  may  not  be  able  to  connect  with  a  sewer  for  years 
to  come,  even  though  paying  repeated  assessments  for  sewers 
which  specially  benefit  other  property.  But  in  the  meantime  the 
property  near  the  outlet,  which  got  all  the  sewerage  it  needed 
when  the  first  piece  of  sewer  was  built,  has  to  pay  its  pro  rata  of 
the  cost  of  the  extensions,  which  benefit  only  the  lots  above  it. 
When  the  extensions  are  built  piece-meal  each  assessment  is  small 
and  the  burden  of  taxation  is  spread  over  several  years.  On  the 
other  hand,  if  the  district  is  compactly  built  up  so  that  sewerage 
is  needed  throughout  the  entire  district  immediately,  the  entire 
sewerage  system  of  the  district  can  be  built  at  once,  and  one  as- 
sessment pays  the  entire  cost. 

Under  this  plan  the  city  disclaims  all  responsibility  for  the 
payment  of  the  contractor,  except  in  the  case  of  a  "public  sewer," 
and  on  the  completion  of  the  work  the  contractor  gets  a  bundle  of 
special  tax  bills  as  full  payment  for  his  work.  He  then  hunts  up 
the  owners  of  the  property  and  collects  from  them  as  he  can.  As 
these  special  tax  bills  bear  12  per  cent,  interest,  beginning  30  days 
after  date  of  issue,  they  are  almost  as  effective  in  collecting  as  the 
highwayman's  pistol. 

In  a  Michigan  city,  a  sewerage  system  for  the  entire  city  was 
carefully  planned  and  the  plans  placed  on  record.  No  change 
could  be  made  in  these  recorded  plans  without  going  through  a 
great  deal  of  red  tape.  Whenever  it  appeared  necessary  to  build 
any  portion  of  this  sewerage  system  an  ordinance  was  passed  by 
the  City  Council  directing  the  work  to  be  done,  and  the  specified 
portion  was  built  in  accordance  with  the  recorded  plan.  The 
sewers  varied  in  size  from  five  or  six  feet  brick  sewers  down  to 
twelve  inch  pipe  laterals,  which  latter  was  the  smallest  sewer  on 
the  plan.  When  a  sewer  is  built  the  cost  of  the  catch  basins  for 
draining  the  streets  is  paid  for  out  of  the  general  fund.  Then  the 
cost  of  a  twelve  inch  pipe  sewer,  at  the  same  depth  as  the  sewer 
actually  built,  is  estimated,  and  this  estimated  cost  is  assessed  upon 
the  abutting  lots  pro  rata  according  to  area.  The  remainder  of 
the  cost  is  paid  for  out  of  the  general  fund.  In  this  way  each 
piece  of  land  pays  for  its  sewer  when  it  is  constructed,  and  the 
property  adjacent  to  a  five  feet  main  pays  only  for  the  same  size 
of  sewer  as  the  property  adjacent  to  the  small  laterals.  The  as- 
sessments are  divided  into  five  parts,  and  one  installment  with  in- 
terest on  the  remainder  is  paid  each  year,  so  that  the  burden  of 
taxation  is  light.     But  the  contractor  is  paid'  in  cash,  obtained  by 
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the  sale  of  five  year  bonds  which  are  paid  off  as  the  special  assess- 
ments are  collected.  This  enables  local  contractors  of  small  means 
to  do  the  work  and  insures  low  prices  for  construction. 

This  method  of  taxation  has  the  advantage  of  simplicity,  and 
to  the  ordinary  taxpayer  seems  just  and  reasonable.  The  entire 
municipality  participates  in  paying  for  so  much  of  the  sewer  as  is 
of  general  benefit. 

In  a  city  in  Illinois  the  custom  was  for  the  City  Engineer  to 
estimate  the  cost  of  a  sewer  ordered  to  be  built  by  the  City  Coun- 
cil, and  the  entire  estimated  cost  was  then  assessed  upon  the  ad- 
jacent property  pro  rata  according  to  area.  This  assessment,  after 
confirmation  by  the  County  Judge,  was  placed  in  the  tax  roll  and 
collected  before  the  contract  for  building  the  sewer  was  awarded. 
In  order  to  be  on  the  safe  side  and  avoid  the  annoyance  and  ex- 
pense of  a  second  assessment  to  make  up  any  deficiency,  the  engi- 
neer usually  made  his  estimate  on  a  liberal  scale,  and  consequently 
it  was  frequently  the  case  that  a  surplus  would  remain  after  the 
completion  of  the  sewer.  If  the  contractor  did  not  succeed  in  get- 
ting away  with  this  surplus  under  the  guise  of  extra  bills,  it  would 
be  returned  pro  rata  to  the  parties  who  had  paid  the  assessment, 
provided  they  were  watchful  enough  to  learn  that  such  rebate  was 
due  them. 

Under  this  plan  the  entire  cost  of  the  sewer,  and  perhaps  more 
than  its  cost,  was  collected  at  one  payment  before  the  work  was 
done,  and  the  special  taxes  were  quite  burdensome.  At  present 
most  of  the  sewer  assessments  are  made  on  the  five  year  install- 
ment plan. 

In  most  Western  cities  the  cost  of  maintenance  of  sewers  is 
paid  out  of  the  general  fund.  Exact  justice  would  require  that 
those  who  used  the  sewers,  or  rather  those  whose  property  was  so 
situated  that  they  could  use  the  sewers,  should  pay  a  portion,  at 
least,  of  the  cost  of  maintenance,  and  in  case  of  a  separate  house 
drainage  system,  the  entire  cost  of  maintenance. 

The  sewerage  ordinance  of  Brockton  seems  to  be  an  attempt 
at  equality  of  assessment  in  proportion  to  benefits  received,  but  it 
is  somewhat  complicated  and  contains  some  peculiar  •  arbitrary 
provisions.  For  instance,  where  one  owner  has  property  abutting 
on  two  streets,  sixty  feet  of  frontage  on  one  street  is  taxed  at  the 
regular  frontage  rate  and  the  balance  is  exempt.  The  equity  of 
this  provision  is  hard  to  discern.  The  area  tax  is  assessed  upon 
property  within  a  distance  of  125  feet  from  the  street.  Why  this 
particular  distance,  rather  than  half  way  over  to  the  next  street, 
should  be  the  limit,  is  not  clear. 


SEWER  ASSESSMENTS.  193 

The  newer  Western  cities,  with  their  rectangular  lots  and 
blocks  and  parallel  streets  lead  to  much  easier  solutions  of  these 
special  assessment  problems  than  is  possible  with  the  crooked 
streets  and  irregular  lots  of  our  old  Massachusetts  towns. 
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THE   USE  OF  ELECTRIC  MOTORS  IN  MACHINE  SHOPS. 


By  Prof.  Charles  H.  Benjamin,  Member  of  the  Civil  Engineers' 
Club  of  Cleveland. 


[Read  before  the  Club,   February  9,   1897.*] 

This  paper  will  discuss  the  application  of  electricity  to  ma- 
chine tools  from  the  standpoint  of  the  manufacturer  and  of  the 
mechanical  engineer,  with  a  view  of  determining  under  what  cir- 
cumstances it  is  profitable  to  use  that  system  of  power  transmis- 
sion. This  subject  presents  itself  to  the  manufacturer  purely  as  a 
business  proposition  free  from  any  scientific  or  sentimental  con- 
siderations and  the  question,  "will  it  pay?"  is  the  only  one  to  be 
asked  and  answered. 

The  question  of  economy  in  manufacturing  can  be  resolved 
into  three  principal  factors  which  may  be  considered  separately : 

1.  First  cost  of  power  and  transmission  plant  as  affecting  in- 
terest and  depreciation  accounts. 

2.  Cost  of  motive  power,  including  coal,  water,  oil,  and  at- 
tendance. 

3.  Cost  of  labor,  to  which  should  be  added  cost  of  interest  and 
depreciation  of  machines. 

I.  Comparative  cost  of  shafting  and  of  electric  plant: 
One  of  the  principal  obstacles  which  has  stood  in  the  way  of 
the  adoption  of  electric  transmission  is  its  supposed  great  cost  for 
installation. 

An  establishment  which  is  already  equipped  with  the  neces- 
sary line  shafting  and  countershafts  might  find  the  transition  rathei 
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expensive,  l)iit  the  original  cost  of  an  electric  installation  for  a 
large  estal)lisliinent  covering  considerable  territory  is  not  so  very 
much  more  than  the  cost  of  shafting  and  belts. 

In  one  establishment  in  this  city,  employing  about  300  men, 
the  average  horse-power  used  by  machines  is  about  lifty,  and  to 
distribute  this  there  are  1120  feet  of  3-inch  shafting  and  140  belts, 
costing,  with  hangers,  pulleys,  etc.,  probably  about  $7,500.  There 
are  about  70  machines  in  the  shop,  mostly  large  tools,  consuming 
all  the  way  from  ^  to  10  HP  each,  when  running  at  full  capacity. 

A  generator  of  suiBcient  capacity  to  run  this  establishment 
could  probably  be  purchased  for  $1,500,  while  motors  cost  from 
$50  to  $300  apiece  in  sizes  varying  from  -^  to  10  HP.  It  is  impos- 
sible, of  course,  to  determine  the  exact  number  and  size  of  motors 
needed  in  this  case,  without  an  investigation  into  details,  but  the 
writer  is  of  the  opinion  that  the  cost  of  the  shafting  and  belts  would 
nearly  pay  for  the  whole  electrical  equipment. 

In  another  shop  in  this  city  it  takes  750  feet  of  shafting  and 
over  200  belts  to  distribute  about  20  useful  horse-power  to  about 
250  machines. 

The  cost  of  the  shafting  and  ])elting  in  this  sliop  is  fully  $3,000, 
a  sum  which  would  go  a  long  \\ay  towards  a  complete  electric 
plant.  If  a  shop  is  lighted  by  electricit}-,  the  same  generator  may 
be  used  for  power  and  for  lightmg,  and  thus  the  initial  expense  be 
reduced. 

This  Cjuestion  of  first  cost  must  be  settled  separately  for  each 
establishment,  be  it  new  or  be  it  old,  and,  after  all,  it  is  not  the 
most  important  cjuestion. 

2.  Comparative  efiiciency  of  shafting  and  of  electric  trans- 
mission: 

In  a  paper  presented  by  the  writer  at  the  I)eceml)er  meeting 
of  the  American  Society  of  JNIechanical  Engineers,  it  was  shown 
that  in  sixteen  representative  manufacturing  establishments  of  this 
city  the  loss  of  ])ower  by  shafting  transmission  was  very  large. 
The  average  horse-pcjwer  consumed  l)y  shafting  and  belting  in  six 
factories  doing  heavy  work  was  62  per  cent,  of  the  whole  power 
furnished  by  the  engine,  while  in  six  shops  doing  light  machine 
work  the  loss  was  55  ])er  cent. 

It  is  dcmbtless  true  that  in  many  cases  this  enormous  loss  was 
partlv  due  to  complication  and  poor  arrangement  caused  by  rapid 
growth  and  extension  of  the  shafting  system,  lint  this  is  an  evil 
not  easily  avoided  when  shafting  is  used. 

The  amount  of  shafting  and  l)clting  in  the  ordinary  shop  is  so 
«entirelv  out  of  proportion  to  the  power  actuall}'  used  in  driving 
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machines,  as  has  been  already  shown  in  the  examples  mentioned, 
that  one  is  not  surprised  at  such  a  loss.  As  long  as  the  engine  is 
going,  from  daylight  until  dark,  this  unwieldy  mass  of  iron  and 
this  maze  of  leather  must  be  kept  in  motion,  whether  ten  machines 
or  a  hundred  are  in  operation,  and  this  loss  of  power  is  continuous. 

The  average  efficiency  of  a  well-constructed  generator  can  be 
safely  assumed  at  90  per  cent.,  while  the  efficiency  of  small  motors 
depends  upon  the  kind  used  and  the  size,  varying  from  65  to  85 
per  cent,  for  motors  of  from  ^  to  10  HP.  Calling  the  average  effi- 
ciency of  motors  used  75  per  cent,  and  allowing  for  a  loss  of  2  per 
cent,  in  the  conductors,  we  have  a  resultant  efficiency  of  65  per 
cent. 

Doubtless,  by  a-  proper  selection  of  generator  and  motors  a 
combined  efficiency  of  from  70  to  75  j^er  cent,  can  be  secured  in 
many  cases,  leaving  a  loss  of  only  25  or  30  per  cent,  for  power 
transmission. 

The  transmission  loss  is  not  constant  as  with  shafting.  If  a 
machine  is  stopped,  the  transmission  loss  is  stopped  as  far  as  that 
machine  is  concerned.  If  only  half  the  machinery  is  running,  half 
of  the  transmission  loss  will  be  saved. 

If  a  careful  estimate  could  be  made  of  the  total  machinery 
hours  run  for  a  year  in  almost  any  machine  shop,  it  would  be 
found  that  but  a  small  percentage  of  the  gross  power  is  required. 
In  fact,  it  has  been  show'u  in  factories  where  electric  plants  have 
been  installed  that  the  horse-power  of  the  generator  does  not  need 
to  be  more  than  from  one-third  to  one-half  the  combined  horse- 
power of  the  motors. 

If  an  electric  plant  is  to  be  economical,  motors  smaller  than 
one  horse-power  should  not  be  used,  since  they  are  less  efficient 
and  relatively  more  expensive  than  larger  ones. 

The  Baldwin  Locomotive  Works  report  a  saving  in  power  of 
from  15  to  30  per  cent,  where  they  have  substituted  electricity  for 
shafting. 

The  Morris  Safe  Co.,  of  Readville,  ivlass.,  has  made  a  saving 
of  from  20  to  25  per  cent,  in  coal  by  using  electricity. 

At  all  times,  when  it  is  desired  to  use  onl}-  a  part  of  the  estab- 
lishment, as  during  times  of  business  depression,  during  strikes,  or 
when  running  on  night  work,  the  saving  in  power  and  time  from 
the  use  of  electric  transmission  will  be  very  noticeable. 

However,  the  question  of  saving  in  ]:)Ower  like  that  of  first  cost 
is  of  relatively  small  importance  in  most  establishments. 

In  the  first  case  mentioned,  where  300  men  were  employed  and 
70  large  machines  in  use,  the  estimated  cost  of  the  shafting,  belt- 
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ing,  etc.,  was  $7,500.  Now,  if  we  assume  this  to  be  either  in- 
creased or  diminislied  $1,000  by  the  introduction  of  electric  mo- 
tors, the  interest  and  depreciation  on  this  difference  would  only  be 
$100  a  year. 

In  this  shop  the  gross  horse-power  used  was  112,  only  48  HP 
being  used  by  the  machines  and  64  HP  consumed  by  the  shafting. 

Assuming  that  only  75  HP  would  be  needed  if  electric  motors 
were  used,  we  have  a  saving  of  37  HP,  which  at  $60  per  HP  per 
year  would  be  a  saving  of  $2,220.  This  factor  is  evidently  of  more 
importance  than  that  of  first  cost,  but  sinks  into  insignificance 
when  compared  with  the  cost  of  labor.  The  pay-roll  in  this  shop 
must  be  in  the  neighborhood  of  $150,000  per  year  when  running 
at  full  capacity.  A  saving  of  2  per  cent,  in  the  cost  of  labor  is  of 
more  im.portance  than  any  saving  of  power  or  of  first  cost  which 
is  likely  to  be  effected. 

3.  The  question  of  the  adoption  of  this  new  form  of  power 
transmission  does  not  hinge  upon  the  difference  in  first  cost  or 
efficiency,  but  upon  the  difference  in  output  of  product  per  man 
and  per  machine.  In  other  words,  the  main  question  for  the  advo- 
cate of  electric  transmission  to  answer  is:  "Will  the  introduction 
of  the  electric  system  into  a  factory  enable  the  employes  to  do 
more  and  better  work  in  the  same  time?" 

Let  us  glance  briefly  at  some  of  the  advantages  claimed  for  the 
system  under  discussion. 

(a.)   GENERAL  ARRANGEMENT  OF  SHOPS. 

In  nearly  all  shops  at  the  present  time  the  general  plan  of  the 
building  and  the  arrangement  of  the  machinery  has  been  deter- 
mined by  the  necessities  of  line  shaft  and  belting  transmission. 
The  building  must  be  of  the  right  size  and  shape  to  accommodate 
shafting;  the  power  plant  must  be  located  in  such  a  way  as  to  make 
connections  convenient,  and  the  machinery  must  be  arranged  in 
lines  parallel  to  the  shafting. 

Probably  most  of  us  do  not  appreciate  the  full  force  of  this 
because  we  have  always  been  accustomed  to  it  and  know  no  other 
way.  It  goes  without  saying  that  machinery  should  be  arranged 
with  reference  to  the  work,  and  not  to  the  power;  that  it  should  be 
so  located  on  the  floor  of  the  shop  as  to  afford  the  best  facilities  for 
handling  the  work,  for  light,  and  for  convenience  in  operation, 
and  finally,  that  it  should  be  possible  to  move  the  machine  at  any 
time  to  accommodate  the  work. 

It  is  true  that  some  of  our  more  modern  shops  have  achieved 
a  moderate  degree  of  success  in  arrangement  in  spite  of  the  draw- 
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backs  incidental  to  belt  transmission.  The  favorite  type  of  build- 
ing for  heavy  machine  work  seems  to  be  a  one-story  structure, 
lighted  from  the  sides  and  from  the  roof,  and  arranged  in  aisles, 
one,  two,  or  three  in  number,  according  to  the  size  of  the  building. 

A  good  example  of  this  type  of  construction  is  seen  in  the 
works  of  the  Walker  Company,  of  this  city,  where  the  proolem  of 
handling  and  machining  heavy  work  has  been  solv.?d  as  well  as  it 
could  be  with  shafting  transmission. 

The  main  factory  of  the  Crocker-Wheeler  Co.,  at  Ampere, 
N.  J.,  illustrates,  perhaps,  the  ideal  arrangement.  (See  Fig.  i.) 
The  central  aisle,  40  feet  wide  by  27  feet  high,  lighted  from  the 
sides  and  by  a  monitor,  and  accommodating  an  electric  traveling 
crane,  is  adapted  for  heavy  machine  work  and  for  assembling  com- 
plete machines.  The  two  side  aisles,  30  feet  wide  by  16  feet  high, 
are  well  lighted  from  the  sides,  and  are  intended  for  bench  work 
and  for  lighter  machines.  The  lower  members  of  the  roof  tiusses 
in  the  side  aisles,  10  feet  apart,  each  carry  a  hand  hoist  of  sufficient 
capacity  for  handling  all  work  in  this  department.  All  of  the  larger 
machine  tools  are  ecjuipped  with  independent  motors  attached  to 
the  frame  of  the  machine.  Some  of  the  smaller  machines  are  in 
groups,  driven  by  short  shafts  located  near  the  columns  which 
support  the  main  roof  and  not  interfering  with  the  use  of  the  cranes 
and  hoists.  The  entire  arrangement  is  flexible  and  readily  adapted 
to  the  work  to  be  done  unhampered  by  shafting  and  belts. 

The  problem  of  shop  extension  to  accommodate  increased 
business  is  usually  a  serious  one  where  shafting  is  used,  and  is  re- 
sponsible for  most  of  the  waste  of  power  in  lairge  factories.  The 
extension  of  a  shop  in  the  line  of  the  shafting  is  possible  up  to  a 
certain  limit,  but  when  it  comes  to  building  ells  and  tees  and  wings, 
the  choice  of  evils  in  the  way  of  bevel  gears,  quarter-turn  belts,  and 
patent  couplings,  makes  the  owner  shudder  and  the  coal  pile 
shrink. 

To  the  man  who  has  an  electric  plant  it  only  means  a  few  feet 
of  wire  and  a  few  more  motors,  while  the  relative  efficiency  of  the 
electric  transmission  as  compared  with  shafting  is  in  direct  propor- 
tion to  the  acreage  to  be  covered  and  the  rambling  character  of 
the  buildings. 

(b.)       LIGHT  AND  CLEANLINESS. 

Probably  few  of  us  realize  what  a  disadvantage  there  is  in  the 
complicated  maze  of  belts  and  countershafts  which  is  found  in 
ordinary  shops.  There  is  no  factor  more  conducive  to  increased 
output  than  plenty  of  light  on  the  work. 


ELECTRIC  MOTORS  IN  .MACHINE  SHOPS.  201 

Belts,  besides  obstructing-  the  light  themselves,  are  great  dust 
carriers,  and  soon  blacken  the  ceilings  and  walls  near  them.  If 
an  electric  system  is  used  this  evil  can  l)e  almost  entirely  done  away 
with,  and  the  ceilings  and  walls  kept  whitewashed  or  painted  a  light 
color,  so  as  to  reflect  the  light  upon  the  work. 

(r.)       HANDIJNG   OF   WORK. 

In  all  establishments  except  those  manufacturing  small  ma- 
chines or  tools  a  large  proportion  of  the  time  is  consumed  in  han- 
dling the  work.  Time  thus  spent  involves  not  only  a  loss  ot  tlie 
productive  power  of  the  man,  but  of  the  machine  as  well.  An  en- 
tire absence  of  vertical  belts  permits  the  use  of  the  system  of  cranes 
and  hoists  which  shall  give  ready  access  to  every  tool  on  the  floor. 
All  wires  can  be  carried  under  the  floor  if  desired,  so  as  to  have 
unobstructed  head  room.  Small  machines  can  be  grouped  near 
walls  or  posts  and  driven  by  countershafts  which  will  not  interfere 
with  the  general  plan. 

It  was  for  this  reason  that  the  electric  system  has  been  so 
largely  adopted  at  the  Baldwin  Locomotive  Works:  It  was  neces- 
sary that  the  crane  should  come,  therefore  the  belt  had  to  go. 
The  center  aisle  of  the  wheel  shop  is  filled  with  wheel  lathes  in- 
stead of  being  used  for  a  setting-up  room,  as  in  so  many  shops; 
consequently  it  was  impossible  to  introduce  cranes  without  at  the 
same  time  introducing  electric  power.  The  force  of  thirty  or  forty 
laborers  formerly  employed  to  handle  work  has  been  reduced  to 
eight  or  ten;  the  time  lost  in  handling,  formerly  from  8  to  10  per 
cent,  of  the  entire  time,  is  now  less  than  2  per  cent.  Incidentally, 
the  saving  in  power  has  been  from  15  to  30  per  cent.,  as  before 
noted. 

That  the  new  system  has  been  a  success  in  this  case  is  shown 
by  the  fact  that  it  is  being  gradually  extended  to  cover  the  entire 
works. 

The  traveling  crane  can  also  be  utilized  to  bring  the  tool  to 
the  work  when  the  latter  consists  of  an  unwieldy  casting  like  an 
engine  bed.  Drills,  shapers,  and  slotting  machines  having  inde- 
pendent motors,  can  be  transported  to  any  part  of  the  shop  in  a 
few  minutes,  and  three  or  four  can  sometimes  work  on  one  frame  at 
the  same  time.  The  Crocker-Wheeler  Co.  even  goes  so  far  as  to 
show  a  lathe  traveling  through  the  air  in  the  clutches  of  an  electric 
crane,  and  all  the  while  contentedly  chewing  away  on  its  work. 

The  development  of  small,  quick-acting  electric  cranes  is  sure 
to  follow  this  opportunity  for  their  use,  until  we  shall  see  them 
take  the  place  of  hand-hoists  over  the  smaller  tools  in  the  shop. 
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(d.)       CONTROL  OF  SPEED. 

Whenever  an  independent  motor  is  used  on  a  machine,  if  the 
motor  is  properly  designed  the  speed  can  be  changed  instantly  by 
the  controller  without  any  change  of  belt.  In  facing  up  work  on 
a  lathe  or  boring  mill  this  is  an  important  consideration,  since  the 
speed  can  be  gradually  increased  as  the  tool  nears  the  center,  and 
the  output  of  the  machine  will  be  so  much  the  greater. 

In  experiments  made  on  a  42-inch  engine  lathe  equipped  with 
a  motor  headstock,  27  different  speeds  were  obtained  by  the  mere 
moving  of  a  handle,  the  change  from  greatest  to  least  speed  being 
eiifected  instantly  if  desired.* 

In  addition  to  this  it  was  found  possible  to  develop  25  per 
cent,  more  power  from  the  lathe  than  from  a  similar  one  driven 
by  a  belt  in  the  ordinary  manner.  If  it  is  pos'sible  to  do  this  on 
all  large  machines  the  superiority  of  the  electric  drive  on  the  all- 
important  question  of  production  is  manifest. 

Another  possible  advantage  which  should  be  noted  is  the 
practicability  of  using  the  same  electric  current  for  lighting  the 
shops  both  by  incandescent  and  arc  lamps,  and  also  use  it  for  an- 
nealing, case-hardening,  brazing,  soldering,  and  welding,  which 
latter  operations  might  be  effected  locally,  in  the  case  of  large  ma- 
chines, after  they  are  assembled.  Electricity  is  a  very  useful  ser- 
vant to  have  always  at  hand  in  any  part  of  a  large  shop  and  is  just 
beginning  to  be  appreciated. 

To  sum  up  briefly  the  advantages  claimed  for  electric  trans- 
mission, they  may  be  thus  stated: 

The  possibility  of  arranging  the  shops  to  suit  the  nature  of  the 
work  and  the  convenience  of  the  workmen. 

The  capacity  of  indefinite  extension. 

A  clear  and  open  space  above  the  machines,  insuring  better 
light  and  quicker  handling  of  work. 

Immediate  adaptation  of  speed  to  the  work  being  done  with 
resulting  economy  of  the  time  of  man  and  machine. 

It  has  been  urged  that  the  care  of  so  many  motors  and  gen- 
erators would  involve  a  greater  expense  for  attendance,  and  that 
the  repair  bill  is  likely  to  be  a  large  one. 

It  may  be  admitted  that  if  the  same  care  which  the  motors 
require  were  expended  on  the  shafting  the  latter  might  make  a 
better  showing  as  to  efficiency  than  it  does  at  present. 

The  writer  has  had  under  his  observation  two  Sprague  mo- 
tors, each  rated  at  3  HP  and  belted  to  line  shafts  about  80  feet  in 


*See  Cassier's  Magazine,  February,  1895. 
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length.  These  are  used  intermittently  when  the  engine  is  not  run- 
ning, and  often  develop  considerably  more  than  the  rated  horse- 
power. They  have  been  in  use  now  for  about  five  years  and  re- 
quire no  more  attention  than  any  ordinary  counter  shaft;  they  run 
at  a  constant  speed  irrespective  of  load  and  cause  no  trouble  from 
sparking.  The  repair  bill  for  brushes,  dressing  commutator,  etc., 
will  compare  favorably  with  those  for  belting  and  lacings,  while 
breakages  of  machinery  due  to  any  sudden  overload  are  almost 
impossible,  the  only  damage  being  the  blowing  of  a  fuse. 

EXAMPLES  OF  ELECTRIC  TRANSMISSION. 

It  would  not  be  practicable  in  a  paper  of  this  kind  to  enum- 
erate the  various  establishments  which  have  wholly  or  in  part 
adopted  this  form  of  transmission,  and  only  a  few  of  the  more  not- 
able examples  will  be  given. 

It  is  worth  noticing  that  the  manufacturers  of  electrical  ma- 
chinery have  usually  the  courage  of  their  convictions  and  swallow 
their  own  medicine  manfully.  The  Crocker-Wheeler  Co.,  the 
General  Electric  Co.,  and  the  Westinghouse  Electric  Co.  are  of 
this  number. 

The  shops  of  the  Crocker- Wheeler  Co..  at  Ampere,  N.  J.,  are 
probably  the  best  examples  of  electric  transmission  in  this  coun- 
try, if  not  in  the  world.  In  these  shops  there  is  an  entire  absence 
•of  overhead  shafting  and  belts,  as  all  the  large  tools  are  driven  by 
direct  connected  motors,  while  the  groups  of  smaller  tools  are 
driven  by  short  shafts  in  such  a  way  as  not  to  interfere  with  head 
room.  The  wires  are  carried  along  the  roof  trusses,  down  inside 
the  columns,  and  then  under  the  floor  to  each  machine  or  motor. 
"The  delightfully  clear  and  light  appearance  of  the  interior  is  in 
marked  contrast  to  the  gloom  and  dirt  of  the  ordinary  shop. 

The  General  Electric  Co.  has  shops  driven  entirely  by  elec- 
tricity furnished  from  a  central  steam  plant.  A  great  number  of 
direct  connected  motors  are  used  on  the  larger  machines,  while 
some  smaller  machines  are  bunched  in  groups  of  two  or  three, 
•each  group  having  its  separate  motor. 

For  ordinary  shop  work  the  usual  long  shaft  is  cut  into  two 
•or  three  parts,  each  part  being  driven  by  a  motor  on  a  bracket  at 
the  side  of  the  building.  Many  of  the  larger  slotting  and  shaping 
tools  are  capable  of  being  carried  to  the  work  by  a  crane. 

The  shops  of  the  Westinghouse  Electric  and  Manufacturing 
Co.  are  equipped  throughout  with  two-phase  Tesla  motors,  the 
■power  being  furnished  by  a  central  steam  plant  aggregating  2,500 
HP.     These  shops,  like  those  of  the  Crocker-Wheeler  Co.  illus- 
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trate  the  modern  form  of  construction  as  adapted  specially  to  this 
form  of  transmission.  The  main  building,  tlie  machine  shop,  con- 
sists of  a  structure  754  feet  long  by  231  feet  wide,  covering  four 
acres  of  ground  and  divided  lengthwise  into  three  aisles.  The 
central  aisle  of  this  building,  lighted  by  monitors  and  skylights,  is 
entirely  clear  of  overhead  belts,  and  shows  the  same  clear  and 
bright  appearance  as  those  before  noted.  Most  of  the  machinery 
in  this  aisle  is  belted  to  short  side  lines  of  shafting,  driven  by  inde- 
pendent motors  of  from  10  to  50  HP,  and  not  interfering  at  all 
with  the  two  30-ton  electric  cranes  which  traverse  the  building 
from  end  to  end. 

Some  of  the  larger  tools  are  driven  by  independent  motors. 
The  other  shops  of  the  company,  extending  over  a  tract  of  some 
forty  acres,  are  all  driven  from  the  same  power  plant.  The  two- 
phase  motors  employed  require  less  attention  than  the  ordinary 
motor,  on  account  of  the  absence  of  a  commutator. 

Several  large  establishments  devoted  to  manufacturing  other 
than  electrical  have  become  converts  to  this  new  gospel,  notably 
the  Baldwin  Locomotive  Works,  before  mentioned,  and  the  works- 
of  the  Carnegie  Steel  Co.,  at  Homestead  and  at  Cochran. 

At  the  Baldwin  Works  Westinghouse  motors  are  used,  and  in 
most  cases  are  belted  to  the  machines  to  be  driven.  It  is  remarked 
as  a  strong  argument  in  favor  of  the  electric  drive  that  the  men  in 
these  shops,  who  work  mostly  for  piece  prices,  prefer  the  elec- 
trically-driven machines. . 

The  Homestead  works  of  the  Carnegie  Steel  Co.  have  over 
400  motors  in  use.  All  of  their  new  heavy  machine  tools  and  many 
of  the  old  ones  being  thus  driven. 

Many  of  the  new  tools  are  specially  designed  for  electric  driv- 
ing, and  have  direct  connected  motors  on  the  frame  of  the  machine. 
The  motors  used  here  are  direct  current,  compound-wound  ma- 
chines. 

The  Westinghouse  Co.  has  recently  furnished  to  the  Carne- 
gie works  at  Cochrane  two  500  HP  direct  current  generators  and 
a  number  of  motors,  to  be  used  throughout  the  plant. 

A  reference  to  the  leading  electrical  journals  will  give  the 
inquirer  descriptions  of  these  and  of  numerous  other  recent  instal- 
lations in  much  more  detail  than  is  possible  here. 

REQUIREMENTS. 

It  is  not  the  purpose  of  this  paper  to  go  into  a  discussion  of 
the  different  types  of  motor  in  use  or  to  try  to  decide  on  the  best 
for  this  kind  of  work.     Perhaps  it  will  not  l)e  out  of  place,  how- 
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ever,  to  mention  the  requirements  which  should  be  met  if  the  ex- 
periment is  to  be  a  success. 

In  general  motors  of  less  than  one  HP  should  be  avoided,  as 
thev  are  expensive  relatively,  frail  and  inefficient. 

For  use  on  line  shafting  or  counters  the  motors  should  be 
simple  in  construction,  have  the  very  best  of  oiling  devices,  and 
should  be  iron-clad  or  protected  from  dust  to  the  greatest  extent 
consistent  with  good  ventilation  and  cool  running.  They  also 
should  be  capable  of  controlling  the  speed  under  sudden  varia- 
tions of  load. 

The  requirements  for  a  direct  connected  motor  are  even  more 
severe.  The  motor  which  is  connected  directly  to  a  machine  tool 
must  be  under  perfect  control,  so  that  the  operator  may  stop  or 
start  it  instantly  and  may,  within  certain  limits,  obtain  any  varia- 
tion of  speed  without  sparking  at  the  conmiutator  and  without 
seriously  impairing  the  efficiency. 

It  must  also  be  so  made  as  not  to  induce  magnetism  in  the 
iron  work  of  the  machine  itself  to  such  an  extent  as  to  cause  any 
inconvenience  in  operation. 

Finally,  the  motor  must  not  cost  too  much.  The  construction 
of  electric  motors  and  generators  is  even  now  in  the  experimental 
stage,  and  has  not  been  reduced  to  a  system,  as  in  the  case  of  steam 
engines  or  sewing  machines,  and  the  cost  of  the  labor  is  out  of  all 
proportion  to  the  cost  of  the  material.  With  increased  demand 
and  production  on  a  larger  scale,  this  fault  will  mend  itself. 

If  you  ask  what  motor  will  satisfy  all  these  conditions,  that  is 
the  question  for  the  electrical  man  to  answer. 

GENERAL   CONCLUSIONS. 

The  question  which  most  interests  the  manufacturer  is:  "Will 
it  pay  me  in  dollars  and  cents  to  put  in  an  electric  plant?" 

The  answer  to  this  question  would  depend  entirely  upon  cir- 
cumstances. Generally  speaking,  if  it  is  proposed  to  introduce 
motors  into  a  shop  already  fully  equipped  witlr  shafting,  the 
chances  are  much  more  unfavorable  to  electricity  than  in  a  pros- 
pective shop. 

Simply  substituting  motors  for  main  belt  drivers  and  leaving 
the  line  shafts  and  counters  in  place  would  be  a  doubtful  experi- 
ment, since  it  w^ould  deprive  the  new  system  of  its  principal  ad- 
vantages, light  and  clear  head  room,  and  would  saddle  upon  it  all 
the  disadvantages  of  the  old  system. 

Even  if  it  is  decided  to  throw  out  the  old  shafting  entirely,  the 
building  as  designed  may  be  ill  adapted  to  secure  the  advantages 
sougfht. 
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It  is  to  those  who  are  to  build  that  this  new  plan  will  appeal 
most  strongly.  Such  will  be  able  from  the  outset  to  so  plan  their 
buildings  and  arrange  their  machinery  as  to  secure  all  the  ad- 
vantages of  the  electric  system. 

Some  of  the  shops  already  mentioned  show  what  can  be  done 
in  this  way. 

Small,  compact  shops  having  a  large  number  of  small  ma- 
chines of  a  similar  character  and  having  comparatively  short 
lengths  of  shafting,  would  show  little  saving  from  the  introduction 
of  motors,  especially  if  the  work  be  of  such  a  character  as  to  be 
most  readily  moved  or  lifted  by  hand. 

On  the  other  hand,  in  all  shops  which  cover  a  large  extent  of 
territory,  with  machines  widely  scattered  and  more  or  less  inter- 
mittent in  their  action,  the  introduction  of  electricity  would  be  a 
paying  investment,  even  if  it  had  to  displace  a  pre-arranged  equip- 
ment of  shafting,  as  in  the  Baldwin  works. 

The  relative  economy  of  electricity  as  a  means  of  transmitting 
power  increases  with  the  distance,  and  each  man  must  decide  for 
himself  on  which  side  of  the  line  he  may  be. 
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BOSTON  WATER  WORKS  AT  CHESTNUT 

HILL  RESERVOIR. 


By  Charles  W.  Sherman,  Member  of  the  Boston  Society  of  Civil 

Engineers. 


[Read  before  the  Society  February  17,  1897.*] 

Within  the  past  year  it  has  been  my  privilege  to  set  up,  under 
the  direction  of  Mr.  Desmond  FitzGerald,  Past  President  of  this 
Society,  a  100-foot  standard  of  length  for  the  Boston  Water  Works, 
and  I  propose  to  give  a  brief  description  of  it,  and  of  some  of  the 
problems  which  came  up  in  graduating  and  testing  it. 

The  Boston  Water  Works  standard  is  patterned  in  many  re- 
spects after  the  so-called  Bench  Standard  of  the  United  States 
Coast  and  Geodetic  Survey.  The  latter  consists  of  an  iron  bar  2 
inches  wide  and  j\  -inch  thick,  resting  on  brass  rolls  which  in 
turn  rest  on  the  bench.  It  is  a  little  more  than  100  feet  long,  and 
is  graduated  from'  zero  every  3  feet  to  99  feet  and  every  10  feet  to 
100  feet,  the  graduation  marks  being  on  german  silver  plugs  which 
are  set  into  the  iron.  There  is  also  a  division  into  meters  on  an- 
other set  of  plugs.  The  English  measures  are  standard  at  62°  F., 
and  the  metric  at  0°  C.  (See  Fig.  i.)  In  making  a  comparison, 
the  tape  is  laid  out  upon  the  bar,  its  zero  fastened  opposite  that  of 
the  standard  and  the  required  tension  applied  by  a  spring  balance 
at  the  other  end.  The  correction  for  the  tape  is  then  obtained  by  a 
direct  comparison,  using  a  small  scale,  or  in  some  cases  micrometer 
microscopes. 

The  great  advantage  in  having  an  iron  or  steel  bar  for  a  stand- 
ard is,  of  course,  that  its  coefficient  of  expansion  by  heat  and  that 
of  the  tape  are  very  nearly  the  same.  The  officers  of  the  Coast 
Survey  are  accustomed  to  assimie  that  the  coefficient  of  a  steel 
tape  is  the  same  as  that  of  their  bar,  and  the  error  thus  introduced 
is  generally  inappreciable.  If  then  the  tape  and  the  bar  are  at  the 
same  temperature  during  comparison,  the  observations  give  the 
errors,  of  the  tape  without  any  correction  for  temperature.  It  is 
therefore  not  important  to  know  the  absolute  temperature  of  com- 
parison with  a  great  degree  of  accuracy. 

The  construction  of  a  standard  for  the  Boston  Water  Works 
was  decided  upon  in  1894,  and  a  bar  of  steel  i  inch  X  ^-inch  in 
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cross-section,  rolled  in  one  piece  105  feet  long,  was  obtained  from 
the  Crescent  Steel  Company,  of  Pittsburg,  Fa.  It  was  bent  into  a 
coil  about  5  feet  in  diameter  for  transportation.  Nothing  further 
was  done  toward  the  construction  oi.  the.  standard  until,  the  spring 
of  1896.  ^^'-    •■  '       ■     ^     ■'    ' 

The  only  place  on  the  Chestnut  Hill  Reservoir  grounds  in 
which  the  standard  could  be  located  without  setting  it  on  posts 
in  an  open  field  is  on  the  north  side  of  an  open  shed  100  feet  long, 


Fig.   I.     U.  S.  C.  .wn  G.  S.  '•Bench  St.\nd.\rd." 


where  it  could  be  bracketed  off  from  the  Inulding.  The  shed 
serves  pretty  well  as  a  protection  from  the  sun,  and  the  shrubbery 
acts  to  some  extent  as  a  wind-break.     (See  Fig.  2.) 

The  bench  (see  cross-section.  Fig.  3)  is  built  of  2-inch  white 
])ine  plank,  and  is  supported  by  brackets  from  the  posts  of  the  shed. 
These  posts  are  8  X  8-inch  timber,  and  about  12  feet  apart,  and 
there  is  a  bracket  spiked  to  each  side  of  each  post.  The  construc- 
tion of  the  bench  is  clearly  shown  by  the  cross-section.    The  ])lanks 


THE  loo-FOOT  STANDARD  OF  LENGTH. 


209 


O 


2IO  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

on  edge  are  about  lo  inches  deep,  and  the  width  of  the  bench  is- 
8  inches.  Since  the  bar  is  more  than  loo  feet  long,  there  is  an 
overhang  of  abotit  3-^  feet  at  each  end  of  the  shed.  The  brackets 
are  made  of  spruce,  the  remainder  of  the  bench  of  selected  white 
pine.  The  cover,  for  protection  from  the  wea,ther,  is  in  thirteen 
sections,  with  battens  over  the  joints. 

The  bar  rests  on  composition  rolls  -^-^  inch  in  diameter  and 
spaced  one  foot  apart,  which  turn  in  bearings  screwed  to  the  bench. 
At  the  center  the  bar  is  held  by  a  clamp  or  vise,  to  prevent  the 
whole  bar  from  moving  on  the  rolls.     At  each  side  of  the  bar  is  a 


Fig.  3. 
Cross  Section  of  Bench. 


Fig.  4. 

Longitudinal    Section    of    Bench,    with 
Apparatus   for    Stretching  Tape. 


^-incli  board,  bringing  the  surface  of  the  bench  even  with  that  of 
the  bar,  but  leaving  a  space  of  about  j\  inch  on  each  side. 

The  bench  was  built  and  the  rolls  put  in  position  before  the 
bar  was  straightened.  When  the  bar  was  uncoiled  it  was  found 
to  be  in  very  bad  condition,  due  partly  to  rough  handling  in  trans- 
portation and  partly  to  its  never  having  been  properly  straight- 
ened. A  blacksmith  and  helper  worked  on  it  for  two  days  and 
then  did  not  get  it  perfectly  straight.  If  I  were  to  build  another 
standard,  I   should  specify  that  the  bar  should  be  put  through 
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straightening  rolls  at  the  mill,  and  then  carefully  coiled  on  a 
wooden  reel  made  for  it,  with  edges  nailed  on  to  hold  the  coil  in 
a  plane. 

After  the  bar  had  been  straightened,  the  approximate  posi- 
tions for  the  graduations,  which  are  ten  feet  apart,  were  marked, 
and  a  f-inch  hole  drilled  about  3^2  i^ich  into  the  steel  at  each  of 
these  points,  and  a  disc  of  silver  hammered  into  the  hole.  The 
mistake  was  made  of  having  the  surface  of  the  silver  brought 
flush  with  that  of  the  bar;  it  would  better  have  been  left  very 
slightly  projecting,  as  the  surface  of  the  silver  could  have  been 
more  easily  finished. 

The  manner  of  applying  the  required  tension  to  the  tape  is 
clearly  shown  in  the  longitudinal  section  (Fig.  4).  The  apparatus 
consists  essentially  of  two  lever  arms  at  right  angles,  each  carrying 
an  arc  whose  center  is  at  the  knife-edge  on  which  the  apparatus 
turns.  Cords  pass  over  each  of  these  arcs,  one  of  which  is  con- 
nected to  the  tape,  while  the  other  supports  a  weight.  Since  the 
lever  arms  remain  constant  as  long  as  the  cords  are  tangent  to  the 
arcs,  the  adjustment  of  the  tape  in  the  required  position  is  very 
much  simplified.  This  apparatus  is  practically  the  same  as  that 
designed  by  Mr.  H.  C.  Bradley  and  used  by  Professor  iBurton  in 
his  base-line  measurements. 

The  graduations  of  this  standard  were  obtained  from  the  United 
States  bench  standard  by  comparison  with  two  steel  tapes  which 
had  been  carefully  tested  by  the  Coast  Survey  and  their  correc- 
tions determined. 

In  making  the  graduations,  a  transit  was  first  set  up  at  the  end 
of  the  bar  so  that  its  line  of  sight  passed  as  nearly  as  possible 
through  the  centers  of  all  the  silver  discs,  and  this  line  was  marked 
on  each  disc  with  the  point  of  a  knife.  The  end  graduations  were 
then  transferred  approximately  from  one  of  the  tapes  and  marked 
by  light  scratches  at  right  angles  to  the  first.  A  series  of  com- 
parisons between  the  bar  and  the  tapes  was  then  made,  from  which 
the  probable  length  of  the  bar  was  computed.  With  the  aid  of  a 
small  scale,  the  correction  to  make  the  length  of  the  bar  100  feet 
was  laid  ofT,  and  a  point  for  the  final  graduation  marked. 

The  positions  for  the  ten-foot  subdivisions  were  found  by  di- 
viding the  whole  length  of  the  bar  into  ten  equal  parts  with  the 
aid  of  a  kind  of  beam  compass.  This  consisted  of  a  wooden 
straight-edge  about  10-^-  feet  long,  to  which  were  fastened  two  steel 
points  ten  feet  apart,  as  nearly  as  we  could  set  them.  By  spacing 
back  and  forth  along  the  bar  the  positions  for  the  subdivisions 
were  found  with  a  good  degree  of  accuracy. 
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The  graduations  are  marked  I:)y  a  point  instead  of  a  cut.  The 
point  was  sunk  into  the  silver  with  a  very  fine  center  punch,  after 
which  the  surface  of  the  silver  was  finished  off,  leaving  an  excel- 
lent graduation. 

The  view',  Fig.  2,  shows  the  standard  with  the  tape  laid  out  for 
comparison.  The  stretching  apparatus  is  shown  quite  clearly. 
The  pull  on  the  tape  is  twelve  pounds,  and  the  weight  is  five 
pounds. 

The  method  of  making  the  comparison  is  this :  The  observer . 
at  the  zero  end  sets  the  zero  of  the  tape  with  that  of  the  bar,  using 
an  ordinary  reading  glass.  This  is  accomplishied  by  means  of  a 
screw,  by  which  the  tape  can  be  drawn  up  or  let  out,  and  this  can 
be  done  without  paying  any  attention  to  the  balance  and  weight 
further  than  to  see  that  the  cords  always  remain  tangent  to  the 
arcs.  The  graduation  mark  on  the  tape  is  of  considerable  width, 
usually  about  .02  inch,  and  it  is  the  object  of  the  observer  to  set 
the  center  of  this  broad  mark  opposite  the  graduation  of  the  bar. 
When  he  has  set  the  tape  in  the  proper  position,  he  calls  to  the 
observer  at  the  other  end,  who  immediately  reads  the  comparison, 
with  the  aid  of  a  small  scale. 

The  method  of  reading  this  comparison  I  want  to  describe  in 
some  detail.  It  seems  a  rather  rough  method,  and  was  first  used 
as  a  makeshift,  but  I  soon  found  that  it  gave  very  good  results. 
The  scale  used  is  a  three-inch  triangular  drafting  scale,  divided 
to  fiftieths  of  an  inch.  One  of  the  graduations  of  the  scale  is  set 
by  hand  in  coincidence  with  the  graduation  of  the  standard,  and 
then,  when  the  observer  at  the  zero  calls  "All  right,"  the  position 
of  each  edge  of  the  broad  graduation  mark  of  the  tape  is  read  on 
the  scale,  estimating  to  tenths  of  one  division  of  the  scale,  or  .002 
inch.  A  careful  observer  can  do  this  with  a  very  good  degree  of 
precision.  The  mean  of  the  two  readings  then  taken  is  the  differ- 
ence in  length  between  the  tape  and  the  bar. 

To  finally  determine  as  closely  as  possil^le  the  true  length  of  the 
bar,  a  long  series  of  comparisons  was  made  with  the  two  tapes 
wdiich  had  been  standardized  by  the  Coast  Survey.  The  results 
of  these  comparisons  J  want  to  discuss  in  a  moment,  but  first  I 
will  mention  some  of  the  precautions  taken  to  eliminate  errors  of 
observation.  The  settings  of  the  zero  of  the  tape  with  that  of  the 
bar  and  of  the  small  scale  were  made  afresh  for  each  reading  of 
the  comparison.  To  eliminate  personal  error,  the  observers 
changed  ends  after  each  five  observations.  To  determine  whether 
the  friction  between  the  tape  and  the  bar  was  an  appreciable  cjuan- 
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FIG.  6.     DIAGRAM  SHOWING  VARIATIONS  OF  TEMPERATURE  AND  OF  COMPARISONS. 
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tity,  the  zeros  were  set  together  both  by  drawing-  up  and  by  letting 
out  the  tape,  but  no  difference  could  be  detected  in  the  readings. 

Thermometers  were  placed  with  their  bulbs  in  contact  with 
the  bar  at  i,  17,  33,  50,  67,  83,  and  99  feet  from  the  zero,  and  were 
read  immediately  after  each  comparison.  Of  course,  their  read- 
ings do  not  truly  represent  the  temperature  of  the  bar,  for  a  very 
small  part  of  the  bulb  is  exposed  to  the  bar  as  compared  to  that 
exposed  to  the  air;  but  the  mean  of  the  readings  of  the  seven  ther- 
mometers gives  at  least  an  approximation  to  the  mean  tempera- 
ture of  the  bar.  The  temperatures  are  not  needed  for  reduction, 
since  the  assumption  is  made  that  the  coefficients  of  expansion  of 
the  tape  and  bar  are  identical.  They  are,  however,  used  in  the 
discussion  of  the  results. 

The  comparisons  for  determining  the  length  of  the  bar  consist 
of  sixteen  series,  usually  of  tw-enty  observations  each.  The  mean 
length  of  the  bar  was  first  found  for  each  series,  and  these  results 
adjusted  by  the  method  of  least  squares  to  give  the  most  probable 
length  of  the  bar.  Nine  series  of  comparisons  were  made  with  tape 
No.  148,  and  seven  series  with  No.  76.  Each  series  is  given  a 
weight,  in  the  adjustment,  which  depends  on  the  number  of  obser- 
vations and  also  on  the  rapidity  with  which  the  temperature  was 
changing.  For  each  series  a  temperature  curve  has  been  plotted, 
in  which  ordinates  represent  the  mean  temperatures  of  the  bar  and 
abscissas  represent  times.  (Diagram,  Fig.  5).  The  tempera- 
ture factor  in  weighting  the  series  is  the  cosine  of  the  mean 
inclination  of  this  temperature  curve.  The  cosine  has  been  used 
because  it  is  unity  for  a  horizontal  line,  or  no  change  of  temper- 
ature, and  zero  for  a  vertical  line,  or  an  infinitely  rapid  change  of 
temperature.  This  cosine  has  been  taken  by  scale  from  the  dia- 
grams, and  is,  of  course,  an  arbitrary  quantity,  depending  on  the 
relative  scales  to  which  time  and  temperature  are  plotted.  I  have 
used  a  scale  of  one  inch  to  one  degree,  and  one  inch  to  five  min- 
utes. It  is  obvious  that  a  thin  piece  of  metal  like  a  tape  would 
respond  to  a  change  in  the  temperature  of  the  air  much  more  rap- 
idly than  would  the  bar,  and  consequently  the  more  rapid  the 
change  of  temperature  the  less  closely  would  the  temperature  of 
the  bar  and  tape  agree,  and  the  less  accurate  would  be  the  results. 
The  above  assumption  of  weights  is  therefore  believed  to  be  logical. 

The  diagram  (Fig.  5)  show^s  the  variation  in  mean  tempera- 
ture of  the  bar  during  four  of  the  comparisons  or  series  of 
twenty  observations  each.  It  also  shows  on  the  right  the  varia- 
tion of  the  mean  temperature  from  point  to  point  along  the  bar. 
It  will  be  n6ted  that  there  is  a  low  point  at  the  83-foot  mark.     This 
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was  observed  in  all  but  one  or  two  of  the  comparisons,  and  is  prob- 
ably due  to  a  gap  in  the  shrubbery.  The  dotted  lines  on  the  left 
show  the  variations  in  the  reading  of  the  comparison  between  tape 
and  bar,  plotted  to  a  very  large  scale.  These  lines  were  drawn 
to  see  whether  or  not  the  variation  in  comparison  followed  closely 
the  change  in  temperature.  As  you  see,  in  some  cases  it  did,  while 
in  others  it  seemed  to  go  directly  opposite. 

A  series  usually  consisted  of  twenty  observations,  as  I  have 
already  stated.  When  less  than  twenty  observations  were  taken, 
the  weight  of  the  series  was  reduced  in  direct  proportion  to  the 
number  of  observations. 

The  mean  values  found  for  the  length  of  the  bar  are,  from 
tape  No.  148, 

100  ft. — .0046  inch dz  .0009  inch; 

and  from  tape  No.  76, 

100  ft. — .0154  inch:r:.0022  inch. 

The  difference  in  the  absolute  value  of  the  standard  as  deter- 
mined from  the  two  tapes  is  not  surprising,  for  the  lengths  of  the 
tapes  were  determined  at  Washington  by  only  two  observations  for 
each  tape,  and  then  at  temperatures  considerably  above  62°.  But 
the  probable  errors  of  two  determinations  ought  to  have  been  very 
nearly  alike.  Although  the  comparisons  were  all  made  with  the 
same  care,  the  comparisons  with  the  tape  No.  76  differed  quite 
widely  among  themselves.  No  reason  for  this  variation  has  been 
discovered.  The  results  obtained  with  tape  No.  148  were  con- 
sistent, and  thus  we  have  a  small  probable  error. 

Combining  these  two  values  for  the  length  of  the  bar  accord- 
ing to  the  principle  that  their  weights  are  inversely  proportional 
to  the  squares  of  their  probable  errors,  the  most  probable  value 
for  the  standard  is  found  to  be 

100  ft. — .0061  inclirb.0019  inch  at  62°  Fahrenheit. 

In  order  to  determine  the  values  of  the  ten-foot  subdivisions 
of  the  bar,  each  ten-foot  space  on  each  of  the  standard  tapes  has 
been  compared  with  each  of  the  subdivisions  of  the  bar.  Taking 
the  means  of  these  comparisons,  and  applying  the  condition  that 
the  totai  length  of  the  bar  is  100  ft.- — .0061  inch,  as  found  above, 
the  resulting  values  for  the  subdivisions  are  found  to  be: — 

Space.  .  Value. 

o —  10  10  ft. — .000  [  inch. 

10 —  20  TO  "  — .0027     " 

20 —  30 10  "  -I-.0025     " 
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30 —  40  10  "  — .0005  inch. 

40 —  50  10  "  — .0014  " 

50 —  60  10  "  — .0006  " 

60 —  70  10  "  — .0046  " 

70 —  80  10  "  -J-- 0032  " 

80 —  90  10  "  — .0027  " 

90 — 100  10  "  -J-.0008  " 

To  determine  the  coefficient  of  expansion  of  the  bar,  I  have 
set  in  the  ground  under  each  end  of  the  standard  a  post,  with  a 
zinc  plate  nailed  to  the  top.  The  positions  of  the  ends  of  the 
standard  are  transferred  to  the  zinc  plates  by  means  of  an  engi- 
neer's transit  set  with  its  line  of  sight  at  right  angles  with  the  bar. 
The  temperatures  are  taken  with  the  thermometers,  as  in  a  com- 
parison, but  in  this  case,  immediately  after  the  temperature  obser- 
vations a  thermometer  is  inserted  at  the  center  of  the  bar  in  such 
a  position  that  its  bulb  is  in  contact  with  the  under  side  of  the  bar. 
One-half  the  difTerence  in  temperature  between  the  upper  and 
lower  sides  of  the  bar  at  the  center  is  added  to  or  subtracted  from 
the  mean  temperature  previously  found,  and  the  result  assumed 
as  the  correct  mean  temperature  of  the  bar. 

Thus  far  I  have  been  able  to  observe  a  change  of  temperature 
of  only  23.6°  Fahrenheit.  The  resulting  coefficient  of  expansion 
is  found  to  be  .00,000,639,7  per  degree  Fahrenheit.  That  of  the 
United  States  bench  standard  is  .00,000,63. 

An  error  of  1°  Fahrenheit  in  determining  the  difference  in 
the  mean  temperature  of  the  bar  would  have  caused  an  error  of 
.00,000,026  in  this  coefficient.  I  have  no  reason  to  think  there  is 
an  error  of  even  .25  degree,  but  other  observations  will  be  taken 
when  the  warm  weather  comes,  and  the  coefficient  determined  with 
a  much  greater  certainty. 

Since  completing  the  standard  I  have  made  a  short  investi- 
gation of  the  errors  of  graduation  of  various  makes  of  tapes.  The 
results  are  too  few  in  number  to  permit  us  to  draw  any  general 
conclusions,  but  are  here  given  for  what  they  are  worth. 

The  tapes  tested  were  all  new.  Eight  of  them — two  each  of 
four  different  makers — were  kindly  loaned  me  for  the  investigation 
by  Messrs.  Buff  &  Berger,  and  were  taken  at  random  from  their 
stock.  The  tabulated  figures  give  the  true  lengths  of  the  tapes. 
Nos.  76  and  148  were  tested  by  the  Coast  Survey,  and  are  the 
standard  tapes  from  which  this  standard  was  laid  out.  All  the 
tapes  were  tested  under  a  tension  of  twelve  pounds. 
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Number.                       Maker.  Length. 

.     lo Chesterman    100.0153  feet. 

II "                :  .  100.0176     " 

12 '•                100.0170     " 

13 Lufkin 100.0023     " 

14 "         100.0023     " 

15 K.  &  E.  "Excelsior"  .  .  100.0098     " 

16 "                  "              .  .  100.0087     " 

17 Eddy loo.oooi     " 

18 "       100.0068     " 

76 "       100.0018     " 

148 "       100.0003     " 

With  regard  to  the  Chesterman  tapes,  it  seems  probable  that 
they  are  intended  to  be  correct  when  laid  out  flat,  but  subjected 
to  no  tension.  A  rough  test  with  an  old  Chesterman  tape,  the 
only  one  available  at  the  time,  showed  an  elongation  in  100  feet 
of  .021  foot  under  a  twelve-pound  pull,  or  a  little  more  than  the 
error  found  for  the  new  Chesterman  tapes  when  subjected  to  a 
tension  of  twelve  pounds. 

In  closing  this  paper,  I  desire  to  express  my  obligations  to 
many  friends,  and  particularly  to  Mr.  C.  L.  Berger,  for  hints  and 
suggestions  which  have  proved  of  great  value  to  me. 

DISCUSSION. 

Mr.  Frank  O.  Whitney. — The  first  standard  for  measuring 
by  the  City  of  Boston,  of  which  we  ha\e  any  knowledge,  was  laid 
down  upon  the  floor  of  the  office  of  the  City  Engineer,  at  w'hat  was 
formerly  known  as  Xo.  119^  Washington  street,  and  w'as  marked 
by  tacks  driven  in  the  floor.  This  standard  was  fifty  feet  long,  and 
\\;as  in  use  from  1851  to  i860. 

It  is  not  known  that  it  was  established  by  any  specially  scien- 
tific method,  but  was  understood  to  be  carefully  laid  ofif  w-ith  sufifi- 
cient  accuracy  to  serve  the  purposes  of  the  time.  After  the  re- 
moval of  the  City  Engineer's  of^ce  in  i860  to  the  building  recently 
vacated  by  the  Suffolk  Registry  of  Deeds,  a  standard  was  estab- 
lished on  the  westerly  curbstone  of  Pemberton  Square. 

This  standard  was  laid  ofT  by  means  of  a  ten-foot  mahogany 
pole,  which  was  carefully  prepared  by  Mr.  Temple,  the  well-known 
instrument  manufacturer,  and  was  tested  by  the  City  Engineer, 
who  compared  it  with  the  United  States  brass  standard,  deposited 
with  the  .Secretary  of  State,  at  the  State  House. 

This  standard  was  marked  by  copper  nails  in  three  lead  plugs 
driven  into  drilled  holes  in  the  curbstone  fifty  feet  apart. 

This  standard  was  tested  March  5,  1864,  by  means  of  the  ten- 
foot  pole  and  found  to  be  .014  of  a  foot  too  long. 
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Comparison  was  made  with  a  standard  established  Ijy  Mr. 
Henry  W.  Wilson,  at  South  ^Boston,  and  found  to  be  .01  of  a  foot 
shorter  than  Mr.  Wilson's. 

Messrs.  Shedd  and  Edson  had,  in  the  passageway  near  Pem- 
berton  Square,  a  hundred-foot  standard,  which  agreed  exactly  with 
the  city  standard. 

After  the  erection  of  the  present  City  Hall  in  1865  the  standard 
was  transferred  to  the  granite  walk  in  the  rear  of  the  City  Hall  on 
Court  Scjuare. 

This  new  standard  was  marked  by  cross  lines  upon  three  brass 
bolts  driven  into  the  granite  fifty  feet  apart,  thus  making  a  stand- 
ard one  hundred  feet  long. 

Very  early  in  its  existence  it  was  carefully  tested  with  the 
Coast  Survey  base. 

June  23,  1867,  Mr.  C.  F.  Baxter  compared  the  standard  in 
Court  Square  with  the  old  one  in  Pemberton  Square  and  found  the 
new  standard  to  be  .015  of  a  foot  shorter  than  the  old  one. 

For  many  years  this  standard  stood  undisputed,  and  was  gen- 
erally used  by  the  surveyors  of  'Boston. 

In  1878  at  a  meeting  of  this  society  a  member  made  a  state- 
ment which  tended  to  throw  discredit  upon  the  standard  and  it  was 
claimed  that  either  the  standard  was  never  correct  or  that  it  must 
have  undergone  a  change. 

A  very  thorough  testing  of  the  standard  under  the  direction  of 
the  City  Surveyor  was  then  undertaken. 

This  test  was  very  carefully  made  by  Mr.  S.  C.  Ellis,  assisted 
by  the  writer. 

A  comparison  was  made  with  the  State  standard  furnished  by 
the  Government,  by  means  of  a  steel  bar  three  feet  long,  made  by 
Darling  and  Sharpe,  and  tested  by  Professor  Wm.  A.  Rogers,  of 
the  Cambridge  Observatory,  who  was  an  acknowledged  expert  in 
very  fine  measurements. 

It  was  found  that  this  l^ar  agreed  with  the  State  standard  at  a 
temperature  of  79°  Fah. 

Professor  Rogers  compared  this  steel  bar  with  two  end  meas- 
ure bars  made  by  the  United  States  Coast  Survey  for  the  Stevens 
Institute,  of  Hoboken,  New  Jersey.  These  bars  were  marked  Bar 
B  and  Bar  E.  Two  series  of  tests  were  made  at  a  temperature  of 
59.1°  Fah.  with  the  following  result: 

FIRST    SERIES. 

Darling  and  Sharpe  bar  longer  than  Bar  B  at  top  .00512  inch. 
Darling  and  Sharpe  bar  longer  than  Bar  B  at  bottom  .00461 
inch. 
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Darling  and  Sharpe  bar  longer  than  Bar  E  at  top  .00490  inch. 
Darling  and  Sharpe  bar  longer  than  Bar  E  at  bottom  .00423 
inch. 

SECOND    SERIES. 

Darling  and  Sharpe  bar  longer  than  Bar  B  at  top  .00512  inch. 

Darling  and  Sharpe  bar  longer  than  Bar  B  at  bottom  .00460 
inch. 

Darling  and  Sharpe  bar  longer  than  .Bar  E  at  top  .00478  inch. 

Darling  and  Sharpe  bar  longer  than  Bar  E  at  bottom  .00429 
inch. 

Comparing  these  results  with  that  obtained  from  the  State  bar 
test,  and  allowing  for  the  contraction  of  brass,  we  find  that  if  the 
Stevens  Institute  bars  were  right  at  60°  Fah.  the  State  bar  would 
be  right  at  50°  Fah. 

Professor  Rogers  made  a  test  of  the  State  brass  standard  and 
stated  that  he  found  it  to  be  correct  at  50°  Fah. 

As  the  temperature  at  which  the  State  standard  was  supposed 
to  be  right  was  unknown,  Mr.  Davis  wrote  to  Professor  Hilgard 
asking  for  information. 

Professor  Hilgard  replied  that  the  temperature  of  comparison 
should  have  been  certified  on  a  card  accompanying  the  bar,  but  in 
its  absence  it  would  be  difficult  to  ascertain,  as  the  bar  was  de- 
livered previous  to  1842,  and  the  records  prior  to  that  time  have 
been  destroyed  by  fire. 

He  stated  that  he  considered  the  Troughton  scale  which  repre- 
sents the  standard  to  be  right  at  nearly  60°  Fah.,  although  it  was 
originally  intended  to  be  at  62°. 

It  W'Ould  seem  that  the  comparison  with  the  Stevens  Institute 
bars  would  more  nearly  represent  the  true  standard. 

The  Boston  standard  which  was  found  to  agree  with  the  Rog- 
ers interpretation  of  the  Coast  Survey  standard  has  been  carefully 
compared  from  time  to  time  with  a  tape  used  solely  for  that  pur- 
pose, and  there  is  every  reason  to  believe  that  it  stands  to-day  as 
nearly  correct  as  it  is  possible  to  maintain  a  standard  hundred  feet. 

It  has  been  impossible  to  discover  any  change  between  the 
highest  and  lowest  temperatures. 

The  most  extensive  work  requiring  a  high  degree  of  accuracy 
in  long  measurements  ever  undertaken  in  this  vicinity  is  the  co- 
ordinate survey  of  Boston,  commenced  in  1891,  and  now  in  pro- 
gress. 

In  this  work  it  has  been  difficult  to  connect  lines  measured  on 
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the  Boston  standard  with  the  Coast  Survey  without  a  reduction  of 
about  .003  of  a  foot  from  said  standard. 

While  this  may  not  be  discovered  in  the  methods  employed  in 
former  tests  of  the  standard,  it  does  become  apparent  when  that 
standard  is  multiplied  a  hundred  times. 

This  difference  may,  however,  be  largely  accounted  for  by  the 
limit  of  error  allowed  by  the  Coast  Survey  in  determining  second- 
ary and  tertiary  positions,  as  there  is  only  one  primary  position 
accessible. 

Mr.  Charles  W.  Sherman. — The  standard  in  the  sidewalk 
behind  the  City  Hall  was  tested  by  me  on  December  22,  1896,  by 
comparing  it  with  our  two  standard  steel  tapes.  The  method  of 
comparison  was  similar  to  that  already  described,  but  in  this  case 
it  was  necessary  to  apply  the  pull  by  hand  at  each  end,  and  the 
tension  was  measured  by  a  spring  balance.  Then,  too,  the  marks 
on  the  brass  bolts  are  not  fine  enough  to  permit  so  close  a  com- 
parison as  with  the  Chestnut  Hill  standard.  The  temperatures 
were  taken  by  two  thermometers  placed  approximately  opposite 
the  25-foot  and  75-foot  points.  It  was  not  possible  to  put  the 
thermometers  in  contact  with  the  tape,  because  of  the  large  number 
of  passers-by,  and  the  lack  of  sufficient  assistance  to  guard  the 
thermometers.  They  were  accordingly  placed  against  the  build- 
ing, about  two  feet  from  the  tape,  and  in  contact  with  the  side- 
walk. 

It  should  be  noted  that  the  flags  of  the  sidewalk  cover  a 
vault,  in  which  part  of  the  heating  apparatus  of  the  City  Hall  is 
located.  The  sidewalk  is  therefore  always  warmer  than  the  air  in 
winter,  and  as  it  is  on  the  north  side  of  the  building,  it  is  usually 
cooler  than  the  air  in  summer.  During  this  comparison  it  was 
noticed  that  if  the  thermometers  were  lifted  from  the  sidewalk  the 
column  immediately  went  down. 

The  results  of  the  comparison  are  as  follows: 


Tape  No.  76. 

Tape  No.  148. 

Mean  Tempr.  (Fahr.) 

3o°.o 

30°.  I 

29°-9 

30°.  I 

Length    of    Tape    at 

100  ft. — .22  inch. 

50  ft. — .10  itich. 

100  ft.— .24  inch. 

50  ft.— .13  inch. 

+  .26  inch. 

+  .15  inch. 

+  .25  inch. 

+  .12  inch. 

Length  of  Standard.. 

100  ft. +  .04  Inch. 

50  ft. +  .05  inch. 

100  ft. +  .01  inch. 

50  ft.— .01  inch. 
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The  means  of  these  values  for  the  standard  are 

100  ft.+.025  inch. 
50  ft.+.020  inch. 

If  tlie  temperatures  of  the  tapes  differed  from  those  given  by 
the  thermometers,  which  is  possible,  they  should  doubtless  be 
lower  than  the  figures  given  above.  This  would  show  the  stand- 
ard to  be  more  nearly  correct  than  the  above  figures  would  indi- 
cate. 

From  this  test  I  should  say  that  the  sidewalk  standard  was 
correct  within  .002  foot,  and  that  the  error  is  in  the  first  or  left- 
hand  50  feet  of  its  length. 
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EUROPEAN  BOILER  PRACTICE. 


R.  S.  Hale,  Member  of  the  Boston  Society  of  Civil  Engineers. 


[Read  before  the  Society.  February  17,  1897.*] 
In  the  spring  of  1896  the  Steam  Users'  Association,  organized 
by  Mr.  Edward  Atkinson,  did  me  the  honor  of  selecting  me  to  visit 
Europe  and  to  make  them  a  report  on  European  boiler  practice. 
The  present  paper  is  largely  taken  from  that  report  with  the  kind 
permission  of  the  Association. 

T^•PE.S    OF    BOILERS. 

The  standard  type  of  boiler,  with  the  exception  of  France  and 
the  Province  of  Elsass  (Alsace),  in  Germany,  was  decidedly  the  in- 
ternally fired  flue  boiler  known  as  the  Lancashire  when  it  has  two 
flues,  and  the  Cornish  when  it  has  one. 

Table  I.,  prepared  by  Air.  Hiller,  of  the  National  Boiler  Insur- 
ance Co.,  Manchester,  shows  the  distribution  of  the  various  types 
of  boilers  in  Europe. 

TABLE  I. 
Per  Cent,  of  Boilers  of  Various  Types. 


Country. 


Year. 


Lancashire      and     similar 
Types 

Cornish  and  similar  Types 

Externally  Fixed  Cylindri 
cal,  including  Elephant  . 

Externally    Fired      Multi-  j 
tubular 


Locomotive 

Small  Verticals. 

Water  Tubes 

Other  Types 


United 
Kingdom. 


1895- 


38 
23-7 

6.8 


II. o 

16.6 
i.S 
2.1 


France.       Germany. 


1893-4. 


4-7 
8.2 

57-3 

13-4 
5-1 
3-6 
5-7 
2.0 


1893-4. 


35-7 
15-3 

14.8 

5-2 
17-3 
50 
4.6 
2.1 


Switzer- 
land. 


19.6 
408 

15-5 

3-5 

5-7 

13-5 

1.4 


Austria. 


29.7 

41.0 

7-5 
10.5 
6.1 
3-8 
1.4 


100  100 


*Copy  received  March  18,   1897. — Secretary,  Ass'n  of  Eng.  Sees. 
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Figs.  1  and  2  give  views  of  a  standard  Lancashire  boiler. 
Such  a  boiler  is  generally  about  30'  long  by  7'  6"  in  diameter.  The 
two  internal  flues  are  about  3'  diameter,  and  the  grates  in  them  are 
generally  6'  long.  Galloway  or  cross  tubes,  about  6"  diameter,  are 
often  placed  in  the  tubes  back  of  the  bridge  wall,  five  to  each  flue, 
but  this  is  advised  against  by  some  of  the  best  authorities.  The 
gases,  after  leaving  the  furnace  tubes,  pass  underneath  the  boiler 
to  the  front,  then  back  along  the  sides  to  the  underground  flue. 
Such  a  boiler  would  have  36  sq.  feet  of  grate  surface  and  about 
1,000  sq.  ft.  of  heating  surface,  giving  a  surface  ratio  of  28.  When 
built  for  160  lbs.  steam  pressure,  it  costs  about  $2,500  in  England, 
and  will  deliver  easily  6,000  lbs.  steam  and  more  per  hour.     At  this 


Fig. 


Lancashire  Boiler. 


rate  it  is  not  very  economical,  but  if  used  at  a  lower  rate  or  in  con- 
junction with  an  economizer  it  is  as  economical  as  any  other  type 
of  boiler.  It  is  a  boiler  that  is  very  easy  to  keep  clean,  since  every 
portion  of  the  surface,  inside  and  outside,  is  easy  of  access.  It  is 
considered  as  easy  to  keep  from  smoke  as  any  other  type  of  boiler, 
and  it  is  also  a  very  safe  boiler,  as  is  shown  by  Table  II.,  also  pre- 
pared by  Mr.  Hiller,  showing  the  number  of  explosions  per  100,000 
boilers  of  various  types  in  Great  Britain  and  Ireland.  In  justice  to 
the  water  tube  boilers  as  they  appear  in  the  table,  it  should  of 
course  be  said  that,  though  the  number  of  explosions  may  have 
been  as  great,  the  total  damage  must  have  been  much  less. 
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TABLE  II. 
Boiler  Explosions  in  the  United  Kingdom. 


United  Kingdom. 


TvPES  OF  Boilers. 


Lancashire 

Cornish 

Vertical  Fire-box. 

Locomotive. 

Plain  Cylindrical. 

Water  Tube  

Rastrick 

Other  Types 


S.0  4 

11  ■Si'? 

-5; 

0     0 

0       V 

0  » 

■o.<2 

2-.-S  • 

S  3  «  0 

0-  =  .-"m 

X    1 

m  -  -  0 

rt  S  '- 

Sf'i  0  0-^ 
•So  a-  " 

mi, 

IE 

<Z''^ 

S-o  4)2 

H  0 

X        O" 

0 

(/i    ~ 

id    "^ 

38.3 

57,450 

33 

5-75 

25.5 

38,250 

60 

15-70 

13-6 

20,400 

98 

48.00 

8.2 

12,300 

40 

32.50 

8.6 

12,900 

48 

37.20 

I.O 

1,500 

4 

26.60 

17 

2,550 

3 

11.80 

3-1 

4,650 

35 

150,000 


The  Cornish  boiler  is  exactly  like  the  Lancashire  except  that 
it  has  only  one  furnace  tube.  In  England  this  single  tube  is  placed 
in  the  center.  In  Germany  it  is  placed  to  one  side  with  the  idea  of 
improving  the  circulation.  It  is  nowadays  rarely  built,  except  for 
small  plants,  so  that  the  average  Cornish  boiler  is  probably  older 
than  the  average  Lancashire.  The  Galloway  boiler  is  generally 
c'assed  as  a  Lancashire,  which  it  resembles  in  every  respect  except 
that  the  two  furnaces  meet  back  of  the  bridge  wall  in  a  single  large 
flue  filled  with  Galloway  tubes. 

In  France  and  in  Elsass,  Germany,  the  type  of  boiler  known 
as  the  "elephant"  is  the  standard.  This  is  classed  under  the  head 
of  externally  fired  cylindrical  in  Mr.  Killer's  table.  It  is  not  as 
regular  in  size  or  proportion  as  the  Lancashire. 

Fig.  3  gives  an  idea  of  the  shape.  The  upper  shell  is  gener- 
ally from  20'  to  30'  long  and  some  5'  in  diameter.  The  two  lower 
shells,  called  "bouilleurs"  are  about  2'  diameter.  They  have  one 
and  sometimes  two  connections  to  the  main  shell.  This  boiler  has 
the  advantage  of  allowing  a  large  grate  surface,  a  great  considera- 
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tion  with  the  poor  coals  in  use  on  the  Continent,  and  is  also  very 
easy  to  clean.  One  difficulty  may  be  in  priming,  as  the  water  level 
was  very  irregular  in  such  boilers  as  the  writer  saw,  probably  due 
to  the  contracted  space  for  the  exit  of  the  steam  formed  in  the 
bouilleurs.* 

Occasionally  fire  tubes  are  placed  in  the  upper  shell,  making 
the  latter  resemble  an  ordinary  return  tubular  boiler. 

For  electric  stations  the  water  tube  boilers  were  decidedly  in 
favor.  The  two  chief  types  were  the  Babcock  &  Wilcox  type  in 
England  and  the  Heine  type  in  Germany,  the  names  referring  to 
the  general  type  and  not  necessarily  to  the  firms  making  the 
boilers. 


!'i^m^^^^-^^^>. 


Fig.  3.      Elephant  Boiler. 


Of  course,  many  other  types  were  in  limited  use,  plain  cylin- 
der, Scotch,  etc.,  etc.,  besides  almost  as  many  forms  of  water  tube 
boiler  as  have  been  invented  in  America.  There  were,  however, 
tw^o  special  types  to  which  the  writer  wishes  to  call  attention.  The 
first.  Fig.  4,  is  known  as  the  dry  back  marine  boiler  and  is  in  some 
use  in  England.  It  may  be  best  described  as  a  return  tubular 
boiler  with  a  pair  of  furnaces  in,  instead  of  under,  the  boiler. 

The  second.  Fig.  5,  is  a  compound  boiler  in  use  in  Germany, 
composed  of  a  return  tubular  boiler  connected  with  a  Lancashire 
boiler  in  such  a  way  that  the  tubular  acts  as  a  steam  separator  for 
any  priming  in  the  Lancashire,  and  the  connection  between  the 
two  ofifers  an  overflow  if  there  is  too  much  water  fed  into  the  upper 
boiler.  These  types,  particularly  the  first,  seem  to  the  writer  as 
being  especially  adapted  to  future  American  practice  unless  the 


*See  also  Proc.  B.  I.  M.  E.,  1896,  p.  169. 
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latter  should  turn  to  water  tube  boilers.  These  types,  the  marine 
dry  back  and  the  compound  allow  the  very  high  pressures  now  in 
use  on  internally  fired  boilers  while  preserving  many  of  the  advan- 
tages of  the  horizontal  return  tubular. 

In  boiler  construction  I  judged  the  English  workmanship  to 
be  fully  equal  to  our  best.  In  England  no  punching  is  allowed; 
the  plates  are  always  planed  on  the  edges  and  then  drilled  in  place. 
Steel  is  being  used  almost  exclusively  in  England;  iron  is  still  pre- 
ferred in  some  places  on  the  Continent.  One  English  maker 
claimed  that  he  did  not  need  to  caulk  his  joints.  While  this  may 
have  been  an  exaggeration  it  indicates  the  ideal  they  aim  at.  They 
generally  figure  on  twenty  years  as  the  average  life  of  a  boiler, 
some  running  up  to  thirty  and  forty  years  at  times. 

The  internal  flues  in  the  Lancashire  boilers  are  generally 
welded  along  the  longitudinal  seam,  and  the  cross  or  Galloway 
tubes  are  frequently  welded  in.  I  did  not  hear  of  any  cases  of 
welding  the  boiler-shell  itself.  The  flues  are  occasionally  made 
corrugated  in  various  ways  as  the  Fox,  Purves,  ana  other  patents. 
My  impression  was  that  these  were  considered  better,  but  that 
most  frequently  the  improvement  did  not  warrant  tne  expense. 

The  steam  pressures,  of  course,  varied  from  the  plant  to  plant. 
I  should  judge  that  if  140  to  150  pounds  was  considered  a  standard 
for  a  new  mill  in  America,  the  corresponding  practice  would  be 
200  pounds  in  England,  180  in  Elsass,  and  140  to  150  in  Belgium 
and  Germany.  In  all  countries  I  found  occasionally  higher  pres- 
sures than  the  above,  and,  of  course,  the  immense  majority  were 
lower.  The  above  seems  to  me  to  be,  however,  a  fair  comparative 
statement. 

ECONOMISERS. 

The  use  of  economisers  is  more  general  in  Europe  than  in 
America,  and  the  type  known  as  the  "Green,"  Fig.  6,  now  made  by 
several  good  firms,  is  decidedly  the  standard.  This  consists  of  sets 
of  vertical  cast  iron  pipes  about  10'  long  and  4"  diameter,  and  is 
fairly  well  known  in  America.  Occasionally  on  the  Continent  one 
of  the  bouilleurs  of  the  elephant  boiler  was  used  as  an  economiser. 
The  most  general  practice  was  to  put  one  economiser  for  each 
battery  of  boilers,  making  the  economiser  heating  surface  and  the 
boiler  heating  surface  the  same.  In  Belgium,  however,  they  were 
recommending  one  small  economiser  to  each  boiler.  Scrapers  are 
almost  invariably  used  to  keep  the  fire  surfaces  clear  of  soot.  The 
water  surfaces  are  subject  to  scaling  if  the  water  be  bad,  and  it  is 
chiefly  in  the  bad  water  districts  that  economisers  are  not  used, 
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tliough  tliey  are  not  much,  if  any,  worse  in  this  respect  than  water 
tube  boilers.  But  when  the  economisers  are  taken  out  the  heating 
surface  of  the  boilers  must  be  much  increased  to  get  the  same 
economy. 

An  advantage  claimed  for  the  Lancashire  boilers  and  for  the 
economisers  was  that  the  large  amount  of  hot  water  in  them  af- 
forded a  reserve  of  heat  for  a  sudden  call.  An  interesting  applica- 
tion of  this  principle  were  the  feed  storage  and  the  steam  storage 
systems  of  D.  Halpin,  Esc].,  London.  The  first  is  applicable  to  all 
plants  and  consists  in  providing  tanks  in  which  the  feed  is  heated 
to  the  steam  temperature  by  steam  from  the  boiler  during  light  de- 
mand, so  that  during  the  heavy  demand  the  feed  water  is  supplied 
hot  (360°  F.)  instead  of  100°  to  200 "".  The  steam  storage  consists 
in  having  very  high  pressure  boilers,  which  pressure  is  reduced  at 
the  engine.  Water  is  heated  to  boiler  pressure  during  light  load 
and  stored  in  tanks,  and  during  the  heavy  load  expands  into  steam 
and  relieves  the  demand  of  the  engines  on  the  boilers  proper. 
The  steam  storage  system  did  not  impress  the  writer  favorably. 
If  you  are  going  to  go  to  the  expense  of  high  pressure  boilers  any- 
way, then  it  seems  to  him  that  you  will  be  as  apt  to  save  coal  by 
using  high  pressure  steam  at  your  engines  as  by  reducing  the  pres- 
sure in  order  to  equalize  the  load  on  the  boilers.  But  the  feed 
storage  system,  particularly  where  economisers  are  not  used,  seems 
a  very  practical  method  of  reducing  the  net  first  cost  by  a  few  per 
cent,  (the  boiler  plant  saved  would  often  cost  more  than  the  feed 
storage),  and  at  the  same  time  probably  increasing  the  economy. 
Both  the  feed  and  steam  storage  systems  are  especially  available 
with  bad  water. 

SUPERHEATERS. 

The  use  of  superheated  steam  is  very  much  in  the  air  all  over 
Europe,  and  in  Elsass  (Alsace)  it  is  fairly  general,  about  500  super- 
heaters being  in  use.  There  has  never  been  any  doubt  that  it 
saved  from  10  to  20  per  cent,  of  steam  and  coal,  but  the  difficulty 
has  been  in  the  lubrication  of  the  engine  cylinder  and  the  keeping 
the  large  number  of  superheater  joints  tight.  The  Schwoercr  su- 
perheater, which  is  so  much  used  in  Elsass,  consists  of  a  small 
number  of  very  heavy  ribbed  cast-iron  pipes  placed  in  a  very  hot 
portion  of  the  flue,  as,  for  instance,  between  the  tubes  and  the  drum 
of  a  Jjabcock  &  Wilcox  boiler.  The  cast  iron  is  made  thick 
enough  so  that  it  may  become  red-hot  without  injury,  and  by  being 
in  the  hot  portion  of  the  flue  only  a  small  superheater  is  required. 
The  trouble  with  lubrication  is  overcome  bv  using  a  high  grade 
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mineral  oil.  Fig.  7  shows  a  Schwoerer  superheater  in  a  Babcock 
&  Wilcox  boiler.  In  England  and  on  the  Continent,  several  forms 
of  superheaters  using  thin  steel  pipes  were  under  test,  I  did  not 
hear  of  their  sale  in  any  number  as  yet.  Fig.  8  shows  one  of  these 
superheaters,  made  by  Hick,  Hargreaves  &  Co.,  applied  to  a  Lan- 
cashire boiler.  The  superheaters  are  also  placed  above  a  sepa- 
rately fired  furnace  in  some  plants. 

GRATES. 

The  grates  in  ordinary  use  did  not  noticeably  differ  from  those 
in  use  in  America.  In  Germany,  some  of  the  under-fired  boilers 
were  provided  with  grates  that  inclined  downwards  to  the  rear  as 
much  as  a  foot  or  a  foot  and  a  half,  which  was  thought  to  be  easier 
for  the  firemen  and  to  give  better  combustion.  The  ash-pits  of 
these  boilers  were  unusually  deep.  The  coal  is  frequently  very 
soft  and  bituminous,  but  in  their  internally  fired  boilers  they  had 
no  trouble  from  having  the  furnace  top  only  18"  or  less  from  the 
grates,  in  fact,  the  Lancashire  boiler  enjoyed  a  better  reputation 
for  smokelessness  than  many  others. 

MECHANICAL    STOKERS. 

In  England  several  forms  of  mechanical  stokers  were  in  use, 
perhaps  over  one  quarter  of  the  boilers  being  equipped.  They 
may  be  divided  into  two  general  classes,  the  coking  stokers  and 
the  sprinkling  stokers.  The  coking  stokers  feed  the  coal  at  the 
front  where  it  cokes  and  is  then  carried  to  the  rear  by  the  recipro- 
cating motion  of  the  grate  bars.  The  Vicars  stoker  (Fig.  9)  is  the 
best  known  of  the  coking  class.  It  is  represented  in  this  country 
by  the  Roney,  Wilkinson,  Murphy,  Brightman  and  other  types; 
the  chief  difference  being  that  on  account  of  the  internally  fired 
boilers  the  Vicars  grate  bars  are  level.  The  sprinkling  stokers 
throw  the  coal  over  the  grates  by  means  of  revolving  or  oscillating 
shovels;  but  they  generally  use  as  well  a  reciprocating  motion  of 
the  grate  bars  to  carry  the  ashes  to  the  back  end.  The  Bennis 
stoker  is  perhaps  the  most  widely  used  of  this  class,  but  there  are 
several  good  firms  who  make  stokers  of  each  class. 

Opinion  is,  of  course,  widely  divided  on  the  merits  of  mechani- 
cal stokers.  What  seemed  to  the  writer  to  be  the  general  drift  of 
opinion  of  those  best  fitted  to  judge,  was  as  follows:  No  stoker 
absolutely  prevented  smoke,  but  both  types  very  largely  dimin- 
ished it.  In  this  respect  the  coking  stoker  had  a  decided  advan- 
tage over  the  sprinkling. 

Neither  stoker  kept  up  the  steam  pressure  on  a  sudden  call  as 
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\vell  as  hand  firing;  in  this  respect  the  sprinkHng  stoker  was  con- 
sidered to  act  more  quickly  than  the  coking. 


Fig.  9,     Vicars  Mecii.vnical  Stoker. 

The  SprinkHng  stoker  was  being  sold  at  about  three-quarters 
the  price  of  the  coking.  The  cost  of  the  Vicars  stoker  was  about 
$500  for  two  stokers,  each  2'  9"  or  3'  wide  and  4'  or  5'  long. 
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The  opinion  as  to  whether  the  stokers  saved  coal  was  evenly 
divided.  The  most  general  reasons  for  their  adoption  were  the  di- 
minution of  smoke,  the  smoke  lawS  being  very  strict  in  England, 
and  the  use  of  a  cheaper  fuel.  The  use  of  a  cheaper  fuel  undoubt- 
edly saved  money,  but  when  compared  on  the  same  grade  of  fuel 
the  best  opinion,  so  far  as  the  writer  could  judge,  was  that  they 
saved  some  coal,  but  not  enough  to  show  a  net  saving  after  paying 
the  interest  and  repairs.  The  saving  in  labor  was  not  generally 
considered  and  did  not  amount  to  very  much  in  small  plants,  or  in 
plants  where  no  coal  handling  devices  were  adopted.  The  use  of 
stokers  and  coal  handling  appliances  together  was  thought  to  save 
about  one-third  of  the  boiler  room  labor  in  large  plants. 

In  Germany  grinding  the  coal  to  a  powder  and  blowing  this 
dust  coal  mixed  with  air  into  a  hot  combustion  chamber  was  a 
method  that  was  being  experimented  on  in  several  plants  and  was 
meeting  with  considerable  favor.  The  "Wegener"  process  is  used 
in  England;  the  "Camp,"  the  "Schwartzkopf,"  and  others  in  Ger- 
many. Fig.  10  shows  one  of  these  arrangements.  The  fine  dust 
(almost  as  fine  as  flour)  is,  however,  not  only  a  very  dirty  stuff  to 
handle  but  is  also  exceedingly  liable  to  spontaneous  combustion, 
and  the  problem  of  grinding  and  storing  it  had  not  yet  been  com- 
mercially solved  so  far  as  the  observation  of  the  writer  went. 

The  admission  of  air  above  the  fire  either  at  the  door  or  at  the 
bridge  was  used  occasionally.  The  opinion  was  very  general  that 
this  diminished  smoke.  As  to  economy  of  coal,  authorities  were 
divided,  but  the  general  drift  was,  that  this  admission  of  air  re- 
sulted in  a  slight  loss. 

BOILER    FITTINGS. 

In  boiler  fittings  several  differences  were  noted.  All  fittings 
were  noticeably  heavier  and  stronger  than  with  us.  The  use  of 
spring-loaded  safety  valves  is  looked  on  as  yet  with  a  great  deal 
of  distrust,  and  those  in  most  common  use  are  the  lever  valve  and 
also  the  dead-weight  valve.  One  form  of  the  latter  has  the  great 
advantage  that  it  cannot  by  any  possibility  be  tampered  with  while 
the  boiler  is  under  steam. 

The  use  of  try-cocks  has  been  entirely  given  up  in  every  plant 
that  I  visited  and  two  gage-glasses  are  used  instead,  having  been 
found  not  only  neater  but  also  safer.  On  the  Continent  one  glass 
and  a  mechanical  level  indicator  were  sometimes  used. 

Last  March  one  of  our  members  had  a  great  deal  of  trouble 
with  his  gage-glasses  when  using  high  pressure  steam,  and  the 
Steam  Users'  Association  suggested  to  him  that  he  should  try  the 
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new  glass  made  at  Jena  by  Schott  &  Genossen  known  as  the  "ver- 
bund"  glass.  This  glass  the  writer  finds  to  be  coming  into  use 
very  fast  in  Europe,  especially  for  very  high  steam  pressures.  On 
his  return,  the  writer  was  interested  to  know  what  the  result  had 
been  during  his  absence  with  the  Jena  "verbund"  glass.  The  re- 
port was  that  the  single  Jena  glass  was  still  in  use,  while  during 
the  same  time  two  Scotch  glasses  had  broken  on  each  of  the  other 
boilers. 

The  dampers  on  the  smoke  flues  are  almost  always  of  the 
sliding  and  not  of  the  butterfly  type.  This  may  be  because  the 
flues  are  almost  always  undergrotmd.  The  dampers  are  always 
regulated  by  hand,  damper  regulators  being  practically  unknown.* 


Fig.    II.     Patent    Gage    Glas.s    by    Hopkinson  &  Co.,  Huddersfield. 

Forced,  induced,  steam-jet,  and  other  artificial  drafts  are  no  more 
and  no  less  in  use  than  with  us;  that  is  they  are  not  infrequent  in 
special  cases  where  the  ordinary  draft  is  insufficient,  but  they  are  in 
no  sense  general.  A  special  boiler  fitting  that  impressed  the  writer 
very  favorably  was  a  safety  water  gage-glass  made  by  Hopkinson 
&  Co.,  Huddersfield,  shown  in  Fig.  11.  The  second  connection 
shown  back  of  the  water  glass  allows  the  glass  to  be  operated  with 
no  more  trouble  than  the  usual  form,  while  providing  absolutely 

*I  have  since  been  informed  that  damper  regulators  are  used  to  a  cer- 
tain extent  in  Lancashire,  but  I  saw  them -in  only  one  plant,  and  there  the 
engineer  spoke  of  them  as  a  new  thing. 
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against  escape  of  steam  or  hot  water  into  the  fire-room  when  a 
glass  breaks,  and  also  against  ever  trapping  a  false  water  level,  ex- 
cept by  scaling  up  the  connections  or  closing  of  cocks.  This  fit- 
ting is  in  very  general  use  in  the  North  of  England,  especially  in 
cotton  mills  and  mills  of  that  class.  The  same  firm  makes  a  steam 
check-valve  that  is  in  fairly  common  use.  The  advantages  of  such 
a  valve  are  well  known,  but  none  of  the  forms  hitherto  proposed 
have  met  with  commercial  success  in  this  country.  Another  fit- 
ting of  interest  was  the  upward-opening  balanced  fire-door  which 
was  said  to  be  easier  for  the  firemen  to  handle  and  to  protect  him 
somewhat  from  the  heat  of  the  fire.  This  was  in  use  on  plants  in 
London  and  at  Paris. 

The  use  of  guards  on  the  water-gages  is  very  common  to  pre- 
vent pieces  of  broken  glass  from  injuring  the  fireman.  This  is  pe- 
culiarly necessary  since  in  most  of  the  foreign  boilers  the  water 
glasses  are  on  a  level  with  the  fireman's  face. 

PIPE    COVERINGS. 

The  average  quality  of  the  boiler  and  pipe  coverings  did  not 
seem  to  the  writer  as  good  as  those  in  general  use  in  this  country. 
Occasionally  he  saw  wood  and  even  rope  covering  on  high  pres- 
sure piping,  some  of  which  was  already  distinctly  charred.  Some 
plants,  of  course,  had  very  good  coverings,  and  there  was  a  custom 
of  covering  the  top  of  the  boilers  very  thickly  with  some  cheap 
covering  with  the  result  that  nine  times  out  of  ten  the  space  over 
the  boilers  was  noticeably  cooler  than  it  is  in  America. 

CHIMXEYS. 

In  regard  to  chimneys  the  variety  of  sizes  and  of  theories  is 
just  as  great  as  it  is  here.  The  few  of  which  the  writer  obtained 
both  the  dimensions  and  the  amount  of  coal  they  were  intended 
to  burn  were  larger  than  those  given  in  the  tables  in  American 
books  of  reference  for  the  same  capacity.  This  may  be  because  in 
England  they  lay  a  good  deal  of  stress  on  a  good  draft  as  an  aid 
in  smoke  prevention,  and  the  English  laws  are  very  strict  as  to 
smoke.  Brick  is  almost  universal,  iron  stacks  being  used  only  in 
very  exceptional  cases.  On  the  Continent  many  firms  build  their 
name  or  trade-mark  into  their  chimneys  in  different  colored  brick, 
making  an  excellent  advertisement.  It  is  suggested  that  some- 
thing of  this  sort  might  be  required  whenever  any  patent  smoke 
preventing  device  be  installed;  in  this  case  each  would  stand  on  its 
own  merits  and  not  on  the  merits  of  its  salesmen. 
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BOILER    OPERATION. 

Whether  as  an  effect  or  as  a  cause  of  the  Lancashire  and  other 
types  of  boilers  whose  internal  surfaces  are  so  easily  accessible, 
they  seemed  to  keep  these  surfaces  cleaner  than  is  the  general 
practice  here.  In  some  places  they  run  the  boilers  until  the  specific 
gravity  of  the  water  is  1.005,  then  they  blow  out  and  clean  the 
boiler.  In  England  they  use  soda,  lime,  and  potash  in  the  boilers 
according  to  the  impurities,  and  on  the  Continent  they  are  also 
beginning  to  know  about  the  advantages  of  kerosene.  Purifying 
plants  to  take  the  impurities  out  before  the  water  enters  the  boiler 
are  not  infrequent  but  are  hardly  considered  a  complete  commer- 
cial success  as  yet.  A  little  water  is  generally  blown  out  once  or 
twice  a  day  just  as  with  us  and  in  mills  the  fires  are  banked  at 
night.  In  electric  stations  the  custom  was  very  general  to  let  the 
fires  go  out  when  they  were  not  needed.  The  writer  ascribes  this 
difference  not  to  the  fact  that  a  mill  fire  is  out  of  use  for  less  time 
(14  hrs.)  than  an  electric  station  fire  (16  hrs.),  but  to  the  fact  that  in 
the  case  of  a  mill  the  new  fire  must  be  started  at  say  4  A.  m.,  when 
it  would  involve  an  extra  shift  of  men,  whereas  in  electric  stations 
the  new  fire  is  needed  at  about  4  p.  m.  and  involves  no  extra  labor. 
Several  plants  gave  us  the  result  of  experiments  on  the  cost  of 
banking  fires.  Reducing  these  to  24  hour  days  and  to  equal  grate 
areas  they  run  about  10  lbs.  per  24  hours  per  square  foot  of  grate. 

The  opinion  as  to  the  practice  of  letting  the  steam  pressure 
off  the  pipes  when  the  load  was  off  was  divided.  On  the  whole  it 
was  in  favor  of  the  practice,  although  some  plants  said  they  had 
tried  it  and  found  the  cost  of  repairs  to  more  than  balance  the  sav- 
ing in  coal. 

r.OILER    TESTING. 

Boiler  testing  is  in  some  respects  more  advanced  than  it  is 
with  us  chiefly  in  that  they  attempt  to  tell  where  all  the  heat  sup- 
plied goes  to  and  thus  to  determine  the  reasons  of  good  or  bad 
performances. 

The  bomb  calorimeter  in  one  or  the  other  of  its  various  forms, 
Mahlers,  Donkins,  etc.,  is  considered  the  only  accurate  means  of 
determining  the  heat  value  of  a  coal,  though  the  method  of  analyz- 
ing coal  and  using  one  of  the  numerous  modifications  of  Dulong's 
formula  is  quite  often  employed.  The  Thompson  and  other  cal- 
orimeters of  that  type  are  not  considered  in  the  least  available  for 
practical  work.  It  was  the  custom  to  correct  the  results  of  the 
calorimeter  for  the  latent  heat  of  the  H„0  formed  from  the  hydro- 
gen in  the  coal,  or,  if  using  the  formula,  to  assume  that  the  hydro- 
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gen  was  burned  to  steam  and  not  to  water.  Coal  tests  are,  of 
course,  compared  on  tlie  evaporation  per  i)ound  of  coal,  boiler  tests 
were  generally  compared  on  the  evaporation  per  pound  of  coal 
"pure  and  dry,"  dry  referring,  of  course,  to  the  moisture  correction, 
pure  to  a  correction  of  the  earthy  matter  contained  in  the  coal, 
but  not  allowing  any  correction  for  the  unburned  coal  in  the 
ashes.  Occasionally,  however,  pure  and  dry  meant  exactly  the 
same  as  our  "combustible."  In  determining  moisture  in  steam 
they  are  as  far  behind  us  in  their  general  practice,  with  the  excep- 
tion of  a  few  of  their  best  engineers,  as  they  are  ahead  of  us  in  the 
analysis  of  the  gases.  Fortunately  at  the  high  steam  pressures 
now  in  vogue  the  priming  is  generally  a  negligible  quantity  so 
that  their  results  have  not  been  affected. 

In  boiler  economy  I  could  not  see  that  they  were  either  ahead 
or  behind  us ;  they  get  from  60  per  cent,  to  80  per  cent,  of  the  heat 
in  the  coal  according  to  the  air  supply  and  evaporation  per  square 
foot  of  heating  surface.  None  of  their  engineers  had  ever  found 
any  combustible  gases  in  the  chimney  except  occasionally  a  little 
C  O.  (carbonic  oxide).  Most  of  their  tests,  however,  left  some 
zero  to  15  per  cent,  of  the  heat  unaccounted  for,  which  may  be 
radiation  or  error.*  Some  said  one,  some  the  other.  No  one 
had  experimented  as  to  why  it  is  harder  to  supply  the  right  amount 
of  air  to  one  kind  of  coal  than  to  another,  though  they  had  all  gone 
as  far  as  to  realize  the  immense  importance  of  the  air  supply,  as 
compared  with  any  other  factor  in  boiler  economy,  and  also  to 
realize  and  to  experiment  on  the  amount  of  air  that  leaks  through 
the  settings  of  some  types  of  boilers  to  the  injury  of  the  economy. 
Frequently  more  air  has  been  found  to  leak  through  the  settings 
than  came  through  the  fire.  In  some  plants  on  the  Continent 
they  were  painting  the  brick  settings  with  a  heavy  tar  paint  to 
make  them  air  tight,  and  occasionally  even  enclosing  them  in 
sheet-iron  casings.  In  Germany  they  have  an  instrument  called 
the  gas-balance  which  shows  the  per  cent,  of  C  Oo  (carbonic  diox- 
ide) in  the  flue  gases  on  a  dial  like  a  steam  gauge.  If  not  too  deli- 
cate it  promises  to  be  of  great  practical  use. 

The  special  instruments  used  for  boiler  testing  besides  those 
above  spoken  of  were  the  ordinary  thermometer  for  low  flue  tem- 
peratures, and  for  high  temperatures,  the  electric  resistance  pyro- 
meter, in  England;  the  thermo  electric  pyrometer  used  in  Ger- 


*My  own  experiments  point  to  a  loss  of  from  2  per  cent,  to  10  per 
cent,  by  hydrocarbon  in  the  gases,  but  since  this  would  be  caused  by  only 
1-50  to  2-10  per  cent,  of  the  hydrocarbons,  it  would  not  appear  in  any 
volumetric  analysis  unless  very  carefully  made.     R.  S.  H. 
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many,  and  the  mercury  thermometer  with  compressed  nitrogen 
or  carbonic  acid  over  the  mercury,  reading  to  550°  C.  (about  1000° 
F.  EngHsh  measure).  For  analyzing  flue  gases  the  Orsat  appara- 
tus is  most  conunonly  used.  (Fig.  12.)  For  getting  the  moisture 
in  the  steam  the  salt  test  is  the  usual  one  if  the  determination  is 
made  at  all. 


Fig.  12. 


Orsat  Apparatus  for  Gas  Analysis. 


Water  meters  are  occasionally  used  on  boiler  tests,  just  as 
they  are  here  by  engineers  sufficiently  advanced  to  understand  the 
precautions  necessary  in  their  use.  I  also  found  them  in  use  oc- 
casionally to  measure  the  water  used  during  regular  running;  the 
cold  water  meters  are,  as  in  America,  quite  reliable,  but  the  hot 
water  meters  are  not  considered  as  trustworthy  as  is  desired.  The 
two  forms  in  general  use  in  England  are  the  Schonheyder  and  the 
Kennedy.  Both  are  positive  action  meters;  the  Kennedy,  Fig.  13, 
carries  a  rack  on  a  piston  rod  and  integrates  the  total  length  of 
stroke.  The  Schonheyder  meter.  Fig.  14,  allows  a  sort  of  tipping, 
rolling  motion  in  the  upper  piece  shown  in  the  figure,  which  is  the 
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valve.     This  motion  covers  and  uncovers  the  ports  on  the  spheri- 
cal seat,  and  the  amount  of  water  is  controlled  by  the  size  of  the 


Fig.   13.     Kknnedy  W.vter  Meter. 

pistons.     Both  meters  enjoy  a  better  reputation  in  England  than 
any  other  hot  water  meter  and  than  any  hot  water  meter  does  in 


EUROPEAN  BOILER  PRACTICE. 


241 


America.  Those  who  ventured  an  opinion  as  to  their  accuracy 
after  extended  use  stated  that  they  would  trust  them  to  about  five 
per  cent,  after  a  year's  use. 

LABOR    IN    BOILER    ROOM. 

On  the  cost  of  firing,  the  writer  obtained  very  little  accurate 
information,  but  he  judged  the  amount  of  coal  per  man  to  be  fully 
as  much  in  England  and  rather  less  on  the  Continent  than  in 
America.     Part  of  the  English  excellence  he  ascribes  to  the  fact 


Fig.  14.     ScHONHEYDER  Water  Meter. 

that  steam  plants  of  all  kinds  are  apparently  more  often  built  at 
once  of  the  final  size  and  are  therefore  better  arranged  for  the  work 
to  be  done.  If  an  owner  desires  to  increase  his  production  he  is 
more  apt  to  wait  until  he  can  build  a  second  full  size  mill  than  he 
is  to  allow  the  first  to  grow  by  small  accretions. 
The  wages  seem  to  run  about,  for  firemen, — 
$1.10  per  day,  England. 

.80     "       "      France. 

.87     "       "       Germany. 

.80     "       "     Belgium! 
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MISCELLANKOUS COST    OF    COAL. 

The  cost  of  coal  of  course  varies  largely  from  time  to  time. 
Nevertheless,  with  this  proviso,  a  few  figures  may  be  of  interest. 
In  London,  best  Welsh  coal,  which  is  a  smokeless,  semi-anthra- 
cite of  as  high  heating  power  as  our  best  Cumberland,  costs  about 
$4.50  a  ton;  nut  size  Welsh  coal,  about  $3.75.  In  the  cotton  dis- 
trict (Lancashire)  soft  coal,  lying  in  value  between  say  Clearfield 
and  Nova  Scotia,  costs  about  $1.50  a  ton.  In  Paris,  Welsh  coal 
is  about  $4.50.  In  Westphalia,  the  German  manufacturing  dis- 
trict, coal  about  equal  to  the  English  North  Country  (Lancashire, 
etc.)  coal,  is  about  $2.50  to  $3.00.  In  Belgium,  coal  equal  to 
Welsh  was  about  $2.50.  These  are  possibly  inaccurate  figures  and 
only  give  a  rough  idea. 

Briquettes  of  various  sizes  made  from  carbon  and  pitch  are  in 
use  on  the  Continent  for  railways  and  steamers,  and  also  for  house- 
hold use.  They  cost  more  than  run  of  mine  coal  and  were  not 
used  much  in  stationary  practice  except  as  a  reserve.  They  are 
more  easily  and  safely  stored  and  handled  than  ordinary  coal. 

STEAM   users'   ASSOCIATIONS  AND   BOILER  INSURANCE   COMPANIES, 

In  England  there  are  some  half  dozen  of  these,  of  which  the 
Manchester  Steam  Users'  Association  is  the  oldest,  and  though 
by  no  means  the  largest  it  still  holds,  in  many  ways,  the  most  in- 
fluential position.  It  started  solely  as  an  inspection  company,  and 
on  the  mutual  principle,  but  the  advent  of  some  of  the  boiler  in- 
surance companies  forced  it  to  give  a  guarantee  that  its  inspection- 
was  sufficient  to  the  extent  at  first  of  $2,500  and  now  of  $5,000. 
It  has  the  proud  distinction  that  it  has  never  lost  a  life  from  the  ex- 
plosion of  any  boiler  guaranteed  by  it.  Its  charges  are  about  $8 
per  boiler  per  year,  for  three  annual  inspections,  one  at  least  of 
which  is  entire.  Besides  the  inspection  and  guaranteeing  of  the 
boilers  the  Association  also  inspects,  indicates,  and  reports  on 
steam  engines,  but  without  guarantee,  the  charges  being  from  $8 
to  $13  per  engine,  according  to  the  number  of  cylinders.  The  As- 
sociation also  inspects  boilers  during  construction,  and  gives  ad- 
vice and  draws  up  specifications  for  new  plants,  for  all  of  which 
special  charges  are  made;  but  being  a  mutual  association  any 
profit  of  any  sort  in.ures  to  the  benefit  of  all  the  members.  The 
other  associations  and  insurance  companies  inspect  and  insure 
boilers  generally  at  a  somewhat  less  rate  per  boiler  than  the  Man- 
chester Steam  Users';  they  all  inspect,  and  some  of  them  also  in- 
sure engines,  and  they  all  do  the  consulting  engineering  work 
spoken  of  above  for  new  boilers  or  new  steam  plants. 
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)  Fig.  15.     Section  of  Willans'  Central  Valve  Engine. 
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There  is  no  law  in  England  reijuiring  Ijoilers  to  be  insured, 
but  Mr.  Hiller,  in  the  paper  above  referred  to,  estimates  that  there 
are  about  150,000  boilers  in  use,  and  some  figures  in  the  organ  of 
the  union  of  German  boiler  insurance  companies  for  July  1  show 
that  about  67,500  of  these  are  insured  in  seven  companies. 

In  Belgium  all  boilers  must,  by  law,  be  inspected  once  a  year. 
The  chief  organization  for  this  purpose  is  the  Association  pour  la 
Surveillance  des  Chaudieres  a  Vapeur,  which  does  no  insurance, 
but  only  inspects  and  advises  its  members  as  to  the  safety  of  their 
boilers,  and  also  advises  as  to  new  plants,  etc.  It  was  stated  to 
the  writer  that  the  law  required  only  a  certificate  of  inspection 
without  inquiring  as  to  the  standing  of  the  engineer  who  signed 
it,  and  that  in  this  way  the  association  was  liable  to  a  good  deal  of 
competition  from  small  irresponsible  associations  and  engineers. 

In  France  and  in  Germany  there  are  in  each  some  15  to  30 
associations  similar  to  the  Belgian,  which  inspect  boilers  and  give 
advice  on  all  points  connected  with  the  steam  plant,  but  which  do 
not  insure.  These  associations  the  writer  understood  to  be  recog- 
nized by  the  state,  which  required  an  annual  examination  to  be 
made  either  by  one  of  these  companies  or  by  the  state  agents. 
The  most  famous  of  all  of  these  is  perhaps  the  one  in  Elsass,  at 
Mulhausen,  but  the  writer  understood  that  each  confines  itself 
to  its  own  district,  so  that  there  is  no  competition,  and  that  each  is 
mutual  in  principle,  so  that  there  is  no  opportunity  for  any  one  to 
make  undue  profit.  Their  charges  are  about  $7  per  boiler  per 
year. 

STEAM    ENGINES. 

Although  not  directly  a  part  of  the  waiter's  mission,  yet  he 
judged  it  profitable  to  pay  some  attention  to  the  steam  engines  in 
use.  They  are  practically  just  the  same  as  with  us,  the  high  speed 
type  being  used  occasionally  for  small  work,  but  the  Corliss  almost 
exclusively  for  large  mills.  The  Willans  high  speed  single  acting 
engine.  Fig.  15,  enjoys  great  favor  in  England  for  electric  work, 
but  the  writer  ascribed  this  more  to  the  careful  workmanship  and 
design  of  special  parts  rather  than  to  the  general  type.  It  is  very 
compact,  economical,  and  easily  kept  in  order,  as  built  in  England. 
The  vertical  engine  is  coming  in  very  fast  for  mill  work,  and  a 
patent  vertical  engine,  built  by  J.  Musgrave  &  Sons,  with  one 
crank  for  two  cylinders  side  by  side,  is  meeting  with  some  favor 
(Fig.  16).  It  is  as  economical  as  an  ordinary  engine,  nearly  as 
simple  in  operation,  and  of  less  first  cost.  It  is  known  as  the 
n.  d.  c.  (non  dead  center)  engine. 
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Steam  Turbines  are  also  appearing  in  large  numbers  in  elec- 
tric stations  and  occasionally  for  other  work.  They  are  far 
cheaper  than  a  crank  engine  of  the  same  size,  but  use  from  40  per 
cent,  to  100  per  cent,  more  steam  than  good  steam  engines  with 
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AND  Sons. 
the  same  pressure  and  vacuum.     Claims  were  made  in  some  cases 
of  better  results,  and  if  correct  will  probably  be  published  before 
long. 
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MILL    DRIVING. 

The  question  of  rope,  belt,  or  gear  driving  for  a  mill  is  still 
farther  from  the  writer's  direct  mission,  but  may  be  admitted.  The 
balance  of  advantages  seemed  to  be  considered  as  follows : — 

1.  Ropes  and  belts  take  more  power.  Gears  save  10  per 
cent. 

2.  Ropes  and  belts  are  quiet.     Gears  are  very  noisy. 

3.  Gears  and  belts  are  a  little  more  complicated  to  install 
than  ropes. 

4.  Belts  give  more  fire  hazard  than  either  ropes  or  gears. 

5.  Ropes  offer  almost  an  entire  security  against  shut  down. 
(This  refers  to  the  system  of  several  independent  ropes.     The 

continuous  rope  system  is  not  used.) 

Belts  cause  more  shut-downs  than  gears,  but  a  break  of  a 
gear  is  a  more  serious  matter. 

6.  Belts  need  least  care  in  attendance,  gears  next,  and  ropes 
need  most.  If  cotton  ropes  are  kept  well  dressed  and  are  not  al- 
lowed to  get  too  dry,  they  last  about  12  years. 

For  these  reasons  belts  have  almost  entirely  gone  out.  I 
saw  only  one  large  belt  in  English  mills  and  but  few  on  the  Conti- 
nent. The  English  belt  was  thirty  years  old.  Ropes  are  decid- 
edly more  in  favor  than  gears. 

For  electric  work  direct  driving  is  now  nearly  universal. 

DISCUSSION. 

Mr.  Chas.  T.  Main. — The  chief  difference  between  English 
and  American  land  practice  is  that  in  English  practice  the  gases 
pass  in  large  volumes  along  large  areas  of  heating  surface,  while 
in  American  practice  the  heating  surface  is  divided  up  into  many 
smaller  surfaces,  the  gases  are  broken  up  into  small  currents  and 
the  heat  is  more  quickly  absorbed.  This  accounts  for  the  better 
results  obtained  from  the  boilers  alone  in  America  than  in  Eng- 
land, and  also  explains  why  economisers  are  used  so  largely  in 
England. 

A  good  example  of  English  practice  may  be  seen  at  the 
Lower  Pacific  Mills,  where,  in  1887,  a  battery  of  eleven  Galloway 
boilers,  7  feet  diameter  by  28  feet  long  was  installed,  which  were 
built  by  the  Edge  Moor  Iron  Company.  Until  the  firemen  had 
learned  how  to  fire  these  boilers,  poor  results  for  capacity  and 
efficiency  were  obtained.  The  method  of  firing  was  very  different 
from  that  of  the  horizontal  tubular  boilers  to  which  they  were  ac- 
customed. In  the  horizontal  tubular,  the  grates  being  so  much 
larger,  relatively  to  the  heating  surface,  the  rate  of  combustion  was 
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slower  and  the  lires  required  less  care  and  attention.  With  the 
Galloway  boiler  the  fires  require  constant  attention  if  the  boilers 
are  doing  a  fair  amount  of  work.  After  the  firemen  became  ac- 
customed to  their  work,  better  results  were  obtained. 

A  scries  of  tests  were  made  on  these  boilers  by  Mr.  Comly, 
then  engineer  for  the  Edge  Moor  Iron  Company,  the  boilers  being 
fired  by  skilled  firemen  from  the  Edge  Moor  Company. 

The  average  of  twelve  tests  made  under  various  conditions 
from  May  7  to  June  7,  1888,  showed  an  evaporation  of  11.40  lbs. 
of  water  per  pound  of  combustible  from  and  at  212°,  and  an  evap- 
oration of  7736  lbs.  of  water  per  boiler  per  hour  from  and  at  212°. 
No  allowance  was  made  for  superheating  in  the  above  results, 
which  was  given  in  two  of  the  tests  as  averaging  21.5°,  and  the  al- 
lowance for  moisture  in  the  coal  was  made  by  deducting  it  from 
the  weight  of  wet  coal,  thus  making  no  allowance  for  the  evapora- 
tion of  the  same.  The  average  percentage  of  moisture  in  the  coal 
was  2.4.  The  temperature  of  the  escaping  gases  was  about  600°. 
The  height  of  chimney  above  grates  was  215  feet. 

Mr.  Barrus  made  two  tests  on  the  boilers  in  February,  1888, 
in  which  he  obtained  very  poor  results.  These  tests  were  made  on 
a  battery  of  six  boilers,  the  results  being  10.00  and  8.32  lbs.  of 
water  per  pound  of  combustible  from  and  at  212°.  On  June  7, 
1888,  Mr.  Barrus  and  Mr.  Comly  made  a  joint  test  and  obtained 
11.07  l^^s.  with  an  evaporation  of  7917  lbs.  an  hour,  all  from  and 
at  212°. 

In  order  to  make  the  plant  come  up  to  our  expectations  when 
capacity  and  economy  were  combined  it  was  decided  that  an 
economiser  was  necessary,  and  a  Green  economiser  of  960  pipes 
was  installed. 

The  average  rise  in  temperature  of  the  feed  due  to  the  econo- 
miser was  about  140°,  showing  a  direct  saving  of  about  14  per 
cent. 

The  combined  plant  of  boilers  and  economiser  I  consider  an 
economical  plant  as  far  as  evaporation  is  concerned,  and  the  boil- 
ers are  easily  taken  care  of  and  can  be  thoroughly  examined  and 
should  last  many  years. 

The  first  cost  of  the  boilers  and  setting  and  economiser,  not 
including  the  flues,  chimney  and  boiler  house,  was  about  $22  per 
H.P.,  the  power  used  in  getting  the  price  being  the  average  horse- 
power developed  during  the  tests.  A  cheaper  plant  might  have 
been  installed  which  would  have  given  as  good  or  better  com- 
mercial results. 
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We  have  reached  about  the  Hmit  of  efficiency  in  the  steam 
engine,  according  to  our  present  knowledge,  and  the  only  thing 
which  gives  promise  of  greater  economy  is  the  use  of  superheated 
steam.  The  saving  due  to  its  use  has  been  known  for  a  long  time, 
but  the  great  drawback  to  its  use  has  been  the  lack  of  a  cylinder 
oil  which  would  stand  the  high  temperature  of  the  steam.  High 
grade  oils  are  now  obtainable,  which  can  be  used,  and  the  danger 
of  cutting  the  cylinders  can  now  be  overcome. 

The  object  of  superheating  is  to  supply  the  steam  to  the  en- 
gine at  such  a  temperature  above  that  of  saturated  steam  that  it 
can  give  up  heat  to  the  metal  of  the  cylinder  on  admission  without 
being  lowered  enough  to  reach  the  point  of  saturated  steam.  It 
can  be  carried  high  enough  to  prevent  any  condensation  in  the 
cylinder,  this  amount  varying  with  the  ratio  of  expansion,  but  if 
the  amount  of  superheating  is  less  than  that  necessary  to  prevent 
condesation,  it  will  diminish  the  initial  condensation^  and  there- 
fore make  a  saving.  This  shows  the  desirability  of  using  a  boiler 
which  has  some  superheating  surface,  even  if  a  superheater  itself 
is  not  installed. 

The  vertical  engine  for  mill  work  seems  to  be  coming  into 
fashion.  During  the  past  year  or  so  several  have  been  installed, 
and  several  more  have  been  contracted  for. 

With  such  large  diameters  of  low  pressure  cylinders  which 
are  required  in  the  larger  engines,  there  has  been  a  good  deal  of 
trouble  from  cutting  of  cylinders  by  the  drag  of  the  very  heavy 
pistons.  This  difficulty  is  overcome  in  the  vertical  engine.  Other 
advantages  are  less  space  occupied  on  the  ground,  which  is  often 
a  serious  consideration,  and  a  less  amount  of  lost  work  in  the  fric- 
tion of  the  engine  itself. 

In  several  instances  the  engine  is  connected  directly  to  the 
jack-shaft,  thus  saving  the  loss  in  transmission  from  the  engine  to 
the  jack-shaft.  Four  examples  of  this  sort  may  soon  be  seen. 
One  is  now  running  at  the  Amoskeag  Manufacturing  Company, 
in  the  Jefferson  Mill,  one  at  the  Atlantic  Cotton  Mills,  one  is  being 
installed  at  the  Washington  Mills  Company,  and  one  has  been 
contracted  for  by  the  Nashua  Manufacturing  Company. 

The  conclusions  of  the  Englishman  regarding  the  use  of 
gears,  ropes  or  belts  on  prime  movers,  it  seems  to  me  are  wrong. 

In  many  cases  it  is  necessary  to  use  gears,  but  where  some 
other  method  of  transmission  is  possible,  it  is  well  to  avoid  them. 
Ropes  are  used  more  or  less  in  this  country,  and  in  some  instances 
they  are  the  only  thing  which  can  be  used,  but  they  give  more  or 
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less  trouljlc.  In  my  experience  I  have  found  nothing  which  gives 
such  good  results  in  the  long  run  as  a  good,  oak-tanned  leather 
belt,  if  it  is  put  in  large  enough  to  transmit  its  load  without  stretch- 
ing the  life  out  of  it.  If  not  overloaded,  and  if  properly  cared  for, 
the  life  of  a  belt  is  a  great  many  years. 

Mr.  George  H.  Barrus. — I  am  somewhat  familiar  with  the 
subject  of  the  paper,  having  read  the  author's  report  to  the  Steam 
Users'  Association,  giving  an  account  of  his  European  trip  and  the 
observations  which  he  made  thereon,  and  I  wish  to  congratulate 
the  society  on  being  able  to  learn,  through  an  eye-witness  who  has 
made  so  recent  an  investigation  of  the  matter,  what  is  actually 
going  on  at  the  present  day  in  the  line  of  steam  engineering  in 
Europe,  and  by  a  gentleman  who  is  so  painstaking  and  able  to 
handle  the  subject  as  the  author  of  the  paper. 

It  is  difficult  to  discuss  a  subject  which  has  such  a  wide  scope, 
and  which  touches  so  many  details  of  construction  and  operation. 
I  wish  to  refer  to  only  two  points  which  Mr.  Hale  brings  out. 

One  of  these  is  the  matter  of  superheating.  From  the  fact 
that  superheaters  are  used  to  quite  an  extent  in  some  parts  of 
Europe,  we  might  infer  that  American  practice  is  behind  the  times 
in  this  special  feature.  I  have  no  doubt  that  the  practice  of  super- 
heating has  effected  a  saving,  as  Mr.  Hale  states,  of  lo  to  20  per 
cent.,  l)ut  there  is  serious  question  whether  the  conclusion  can  be 
drawn  that  the  saving  can  be  attributed  entirely  to  superheating, 
or  that  we  could  obtain  a  similar  degree  of  efficiency  by  adopting 
the  same  practices  here.  In  some  of  the  instances  where  the  super- 
heaters have  been  applied  and  tests  have  been  recorded  showing 
the  performance  the  conditions  have  been  such  that  the  boilers 
have  been  overworked,  and  an  excessive  amount  of  heat  has  es- 
caped to  the  chimney.  In  these  cases  the  addition  of  the  super- 
heating surface  was  simply  another  method  of  increasing  the  evap- 
orating surface  of  the  boiler,  and  much  of  the  saving  has  been  due 
to  the  recovery  of  heat  which  would  otherwise  have  been  lost.  It 
is  hardly  fair  to  attribute  to  superheating  alone  the  economy  which 
results  in  such  instances.  Perhaps  Mr.  Hale  can  enlighten  the 
society  with  more  particulars  in  regard  to  this  matter,  and  say 
how  far  the  advantages  of  superheating  have  been  enhanced  by 
the  defective  boilers  to  which  the  superheaters  have  been  applied. 

Some  years  ago  I  attached  a  Bulkley  superheater  to  a  hori- 
zontal return  tubular  boiler  where  the  flue  temperature  was  not 
over  400°  Fahr.,  and  I  found  that  the  saving  of  coal  due  to  running 
a  simple  non-condensing  engine  was  a  trifle  less  than  7  per  cent. 
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In  this  case  all  the  heat  which  went  into  the  superheater  was  at 
the  expense  of  that  which  w^ould  otherwise  have  gone  into  the 
boiler,  and  the  resisting  advantage  was  due  simply  to  the  economy 
of  steam  at  the  engine  which  the  superheating  produced. 

Another  thing  is  the  method  of  boiler-testing  which  is  carried 
on  in  Europe,  and  in  this  I  believe  we  can  all  learn  something 
which  it  is  profitable  to  copy.  I  refer  to  the  practice  of  making  an 
account,  so  to  speak,  .with  the  total  heat  of  combustion  of  the  coal, 
and  showing  w'hat  part  of  it  goes  into  the  boiler  and  is  utilized 
in  evaporation,  and  what  portion  is  lost  through  the  various  ave- 
nues of  waste.  It  has  not  been  very  common  with  our  engineers 
to  do  this,  but  we  almost  always  see  these  matters  fully  treated  in 
the  reports  of  boiler  tests  which  come  to  us  from  abroad.  We 
have  not  been  much  in  the  habit  of  analyzing  the  flue  gases  and 
determining  how  thoroughly  the  combustion  has  occurred  in  the 
furnace.  It  seems  a  very  rational  method  of  treating  this  most 
important  subject  of  the  burning  of  coal,  first,  to  ascertain  how 
much  heat  can  be  derived  from  the  combustion  if  it  is  carried  on 
so  as  to  be  complete,  and  all  the  heat  is  recovered;  then  to  find 
how  much  of  this  heat  is  utilized  in  making  steam,  and,  finally,  to 
trace  out  for  the  balance  of  the  heat,  or  that  not  utilized,  the  vari- 
ous losses  which  occur,  whether  from  excessive  air  supply,  un- 
consumed  gas,  radiation,  or  other  causes.  This  is  the  only,  way 
in  which  the  question  can  be  studied  scientifically,  and  it  is  about 
the  only  way  to  obtain  information  which  shall  be  a  guide  in  realiz- 
ing maximum  efficiency.  I  am  glad  to  say  that  there  is  a  tendency 
to  go  into  these  cjuestions  more  fully  than  we  have  in  the  past,  and 
I  think  that  in  copying  the  English  practice  material  advance  may 
be  expected  in  the  improvement  of  American  boilers. 

Professor  I.  N.  Hollts. — The  means  of  communication  be- 
tween Europe  and  America  is  so  easy  and  the  interchange  of  data 
through  the  scientific  periodicals  so  frenuent  that  a  visitor  abroad 
necessarily  finds  some  difificulty  in  presenting  information  not  al- 
ready well  knowai.  Mr.  Hale  has  managed  to  cover  the  subject 
very  well,  and  the  society  is  indebted  to  him  for  a  very  interesting 
paper.  The  differences  between  European  and  American  prac- 
tice are  likely  to  spring  from  surrounding  conditions  rather  than 
from  sentiment,  and  it  is,  therefore,  not  the  best  policy  to  change 
our  practice  because  the  English  have  found  something  else  better. 
The  great  variety  of  conditions  and  coal  render  anything  like  a 
standard  in  boiler  practice  extremely  difificult  in  the  Einited  States. 
In  fact,  we  have  not  yet  developed  a  method  of  testing  which  en- 
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ables  us  to  compare  accurately  the  efficiency  of  two  boilers.  The 
differences  between  firemen  are  often  greater  than  those  between 
coals.  Any  one  who  has  had  to  maintain  speed  and  power  during 
a  shift  of  firemen  has  come  to  a  realizing  sense  of  this.  We  must 
eliminate  the  man  entirely,  if  our  comparisons  are  to  have  a  high 
value.  So  far,  the  personal  ecjuation  of  the  fireman  has  not  been 
obtained. 

Mr.  Hale  has  done  well  in  calling  our  attention  to  the  analysis 
of  gas  collected  from  the  chimney.  This  method  bids  fair  to  solve 
the  combustion  problem.  With  a  quick  method  of  analysis,  or 
some  instrument  to  indicate  the  specific  gravity  of  the  combustion 
products,  we  can  ascertain  at  once  the  evidence  of  imperfect  com- 
bustion, or  the  presence  of  oxygen  in  excess.  I  think  the  latter 
will  usually  be  found  to  be  the  case,  and  I  have  never  yet  detected 
any  evidence  of  carbon  monoxide  in  the  chimney.  The  fireman 
who  succeeds  in  producing  it  should  be  apprenticed  to  some  other 
trade. 

Superheated  steam,  the  use  of  which  has  increased  somewhat 
in  Germany,  deserves  another  trial  in  this  country.  Notwithstand- 
ing the  numerous  attempts  to  use  it  during  the  past  thirty  years, 
we  have  little  data  as  to  its  behavior  with  the  high-grade  oils  now 
manufactured.  It  is  not  certain  that  these  oils  will  really  prevent 
cutting  without  a  thin  film  of  moisture  deposited  on  the  rubbing- 
surfaces.  The  oil  cannot  be  distrilntted  uniformly  unless  it  be 
condensed  upon  the  cylinder  walls  with  the  steam  or  from  its  own 
vapor.  We  all  know  that  moisture  does  not  go  ^^•ith  superheated 
steam. 

Mr.  R.  S.  Hale. — Mr.  Barrus  raises  a  very  interesting  and 
vital  point  in  the  subject  of  superheating.  So  far  as  I  could  learn, 
superheating  has  shown  a  large  gain  in  the  amount  of  steam  used 
per  indicated  horse  power,  a  gain  which  is,  of  course,  entirely  in- 
dependent of  the  efficiency  with  which  that  steam  is  produced.  In 
addition,  there  is  found,  in  many  cases,  a  gain  due  to  the  improve- 
ment of  the  boiler  efficiency,  cither  by  saving  heat  otherwise  lost, 
or  by  other  means;  but  I  should  understand  that  any  serious  claim 
to  economy  by  the  tise  of  superheat  referred  to  the  economy  in 
the  use  of  steam,  and  not  to  economy  in  its  generation.  A  point 
which  should  have  l)een  brought  out  in  the  paper  is  that  the  large 
saving  in  the  amount  of  steam  per  horse  power  is  due  to  a  very 
large  amount  of  superheat,  temperatures  of  600°  to  700^"  F.  being 
obtained. 

My  personal  experience  with  carbon  monoxide  in  the  gases 
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from  the  boiler  has  not  been  so  fortunate  as  Professor  HolHs's,  as 
I  have  only  recently  made  tests  in  which  the  carbon  monoxide 
reached  several  per  cent. ;  for  several  liours  on  one  test  it  was  nearly 
10  per  cent.,  and  this  although  the  fireman  was  supposed  to  be 
something  of  a  crack.  I  have  very  seldom  failed  to  find  carbonic 
monoxide  when  testing  boilers  wath  small  combustion  chambers, 
and  with  no  provision  for  the  admission  of  air  above  the  fire. 
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1»A1{K  KESEKVATIOXS  OF  ]>IASSACHUSETTS. 


W  Hknry  F.  Bryant,  Member  of  the  Boston  Society  of  Civil  Engi- 
neers. 


[Read   before   the    Society,    October   21,    1896.*] 

The  two  great  Park  Reservations, the  surveys  of  which  are  the 
subject  of  this  paper,  are  the  Bhie  Hills,  lying  in  the  southern  por- 
tion of  the  Metropolitan  district,  and  the  Middlesex  Fells,  in  the 
northern  portion.  I  will  not  take  space  to  indicate  what  the  topo- 
graphical features  were  that  led  to  their  being  considered  desirable 
for  public  purposes,  as  that  can  be  better  done  by  those  who  have 
most  closely  studied  the  aesthetic  conditions  of  the  case.  Enough 
that  the  Metropolitan  Park  Commission,  after  much  deliberation, 
took  or  purchased  some  4,000  acres  in  the  municipalities  of 
Ouincy,  IMilton,  Braintree,  and  Canton,  and  some  3,000  acres  in 
Alalden,  Melrose,  Medford,  Winchester,  and  Stoneham.  Much 
of  the  property  taken  was  very  difificult  of  access,  and,  in  order  to. 
open  it  up  speedily  for  public  uses,  a  large  number  of  men  were 
employed  in  reconstructing  existing  cartways  or  opening  new 
routes,  so  that  they  should  be  passable  for  pleasure  driving  during 
the  larger  portion  of  the  year. 

Soon  after  this  work  was  begun  it  was  found  desirable  to  have 
some  general  topographical  map  on  which  the  proposed  roads 
could  be  shown  and  the  desirability  of  new  routes  studied.  Ac- 
cordingly a  map  was  made  showing  all  existing  paths  and  roads, 
and,  by  shading,  the  general  features  of  the  surface.  This  map 
was  based  upon  the  outline  and  taking  surveys  of  the  reservations 
made  by  various  surveyors  and  plotted  on  a  scale  of  500  feet  to  the 
inch.  The  roads  and  paths,  together  with  the  forestry  features, 
were  then  located  and  plotted  by  means  of  a  pocket  compass  and 
pacing.  The  plans  of  the  two  large  reservations  thus  made  were 
first  published  in  the  report  of  the  commission  for  1895. 

Those  who  have  not  seen  this  method  intelligently  used 
would  be  surprised  to  find  how  accurately  the  work  was  done  and 
to  know  that  with  almost  no  exception  the  resulting  lithographs, 
on  a  scale  of  some  1,600  feet  to  the  inch,  were  perfectly  accurate 
when  scaled,  i.e.,  no  other  method  would  have  better  served  the 
scale. 


*Manuscript  received  April  26,  1897. — Secretary,  Ass'n  of  Eng.  Sees. 
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Before  this  plan  was  completed,  however,  it  became  evident 
that  the  roads  and  other  works  under  way  were  not  being'  suffi- 
ciently studied  in  advance,  and  that  the  results  were  decidedly 
inferior  to  what  was  desired  as  a  permanent  development.  Ac- 
cordingly, the  commission,  acting  under  the  advice  of  Messrs. 
Olmsted,  Olmsted  and  Eliot,  the  landscape  architects,  determined 
to  have  accurate  topographical  surveys  made,  to  enable  the  land- 
scape architects  to  properly  study  the  various  Cjuestions  to  be  con- 
sidered. 

The  commission,  at  the  time,  had  no  engineering  department, 
and  depended  on  various  outside  parties  to  make  necessary  sur- 
veys, and  since  a  considerable  sum  was  involved  by  the  work,  it 
was  determined  to  advertise  for  bids  for  the  same.  Some  forty 
bids  w'ere  received,  varying  from  $25.00  per  acre  down  to  $0.60. 
As  these  figures  may  not  have  been  generally  known  to  the  pro- 
fession, and  as  they  serve  to  indicate  how  opinions  vary  on  such 
subjects,  they  are  given  below: — 


Bid  No.  I. 

"  '"  2. 

"  "  3- 

"  "  4. 

"  "  5- 

"  "  6. 

7  • 

"  "  8. 

"  '•  9. 

"  "  10. 

"  "  II. 

"  "  12. 

"  '•  13. 

"  "  14. 

"  "  15. 

"  "  16. 

"  "  17. 

"  "  18. 

••  "  19. 

"  "  20. 


25.00 

$20.00 

Bid  No.  21 

17.00 

20.00 

22 

12.25 

12.25 

"      "     23 

12.00 

10.00 

"      "     24 

10.00 

10.00 

"      "     25 

10.00 

10.00 

"      ■'     26 

10.00 

8.00 

"      "     27 

7-95 

8.95 

•'      "     28 

9-30 

7.60 

■•      "     29 

6.40 

6.40 

"      "     30 

5.56 

6.46 

"      "     31 

6.00 

6.00 

"      "     32 

5-25 

4.80 

"      "     33 

525 

5-25 

"      '■     34 

5-34 

5.00 

"      "      35 

5.00 

5-00  ■ 

"      "      36 

5.00 

5.00 

"      "     37 

5.25 

5-00 

•'      "     38 

5.00 

5.00 

"      "     39 

4.88 

4.88 

"      "     40. 

Bluu 

Middlese.v 

Hills. 

Fells. 

$4-74 

$3.44 

4.70 

3-45 

4-25 

3-75 

4.12 

4.12 

4.40 

370 

3.99 

3-69 

4.21 

3.87 

3.00 

3-25 

3-25 

32s 

3-25 

3-25 

3-25 

325 

3.00 

3.00 

2.05 

* 

2.85 

2.60 

2.45 

2.45 

2.30 

•2.30 

1-50 

1.50. 

1-45 

1.65 

1-35 

125 

.60 

.60 

*Both  reservations  for  $3.59. 

The  work  was  let  to  French  and  liryant,  of  Brookline,  with 
whom  was  associated  Mr.  Gordon  H.  Taylor,  for  $2.85  per  acre 
for  work  in  the  Blue  Hills,  and  $2.60  per  acre  for  work  in  the 
Middlesex  Fells. 

It  became  apparent,  soon  after  the  bids  were  received,  that  it 
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was  the  desire  of  the  commission  to  have  the  work  completed 
within  a  year,  and  that  tliey  proposed  to  distribute  the  work  among 
a  number  of  surveyors  to  accomplish  this.  Since  we  had  been  ap- 
proached by  the  commissioners,  we  at  once  filed  a  statement, 
showing-  that  the  only  way  in  which  the  work  could  be  well  or 
speedily  done  w^as  to  give  it  all  to  one  party.  Triangulation  work, 
bench  leveling,  and  map  finishing,  in  order  to  produce  uniform 
and  the  best  results,  recjuired  that  one  party  should  conduct  the 
work,  for  reasons  apparent  to  any  one  who  is  familiar  with  sucfi 
matters.  We  agreed  to  complete  the  w^ork  within  fifteen  months, 
the  intention  being  to  make  use  of  two  leafless  seasons.  The  work 
'was  awarded  and  a  start  made  in  November,  1894,  under  the  speci- 
fications of  Messrs.  Olmsted,  Olmsted  and  Eliot,  which  I  will  not 
give  in  full,  but  which  are  briefly  thus: — 

SURVEYS. 

The  surveys  are  to  be  made  sufficiently  in  detail  to  locate  and 
put  upon  the  maps  the  following  information : — 

1.  The  outline  of  the  reservations,  the  boundary  monu- 
ments, the  monuments  marking  the  city  or  town  boimdary  lines, 
monuments  or  points  established  by  the  U.  S.  C.  S.  and  the  Massa- 
chusetts town  boundary  survey. 

2.  The  roads  along  the  limits  of  the  reservation  and  those 
leading  to  or  through  the  same. 

3.  All  interior  roads,  wood  roads  or  paths,  all  interior  fences 
or  walls,  and  all  buildings. 

4.  Outlines  of  wooded  areas  and  groups  of  trees  and  bushes, 
all  large  trees  within  these  areas  having  trunks  tw^o  feet  or  more  in 
diameter,  and  all  isolated  or  individual  trees  having  trunks  twelve 
inches  or  more  in  diameter. 

5.  The  outline  of  all  swamps  and  all  water  courses. 

6.  The  outlines  of  all  bold  outcrops  of  ledge  or  rock. 

7.  Contour  lines  showing  elevations  of  five  feet  apart. 

The  datum  to  which  all  elevations  are  to  be  referred  is  to  be 
Boston  base. 

8.  Stone  monuments  or  iron  bolts  are  to  be  set  at  the  corners 
of  each  section,  corresponding  with  the  sectional  maps,  and  mid- 
way between  the  corners  on  each  section  line  running  east  and 
west. 

'J1ie  elevation  of  the  top  of  these  stone  monuments  or  bolts 
above  the  datum  is  also  to  be  accurately  determined  by  levelling, 
so  that  these  monuments  or  1)<)lts  shall  serve  as  bench-marks  for 
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any  future  work.     Stone  monuments  and  iron  l)olts  will  be  fur- 
nished and  set  by  the  conmiission. 

The  section  lines  shall  be  accurately  laid  out  and  the  interior 
portion  may  be  filled  in  l)y  stadia  or  plane  fable  i^^'ork.  The  error 
in  horizontal  distances  in  the  position  of  the  monuments  shall  in 
no  case  exceed  twenty-five  hundredths  (0.25)  of  a  foot  in  each 
section,  and  in  vertical  elevations  of  bench-marks  the  error  shall 
not  be  more  than  five  one-hundredths  (0.05)  of  a  foot  in  each  one 
hundred  feet  of  elevation.  Contours  are  to  be  within  one  foot  of 
the  true  elevations. 

MAPS. 

The  map  is  to  be  drawn  upon  white  paper,  mounted  on  linen, 
and  is  to  be  plotted  to  a  scale  of  i  :  1,200  (100  feet  to  the  inch). 

The  map  is  to  be  divided  into  sections,  each  section  to  include 
an  area  twenty-four  hundred  feet  north  and  south  by  thirty-six 
hundred  feet  east  and  west,  the  true  meridian  being  at  the  top  of 
the  sheet.  A  fine  line  is  to  be  drawn  showing  the  limit  of  each  sec- 
tion, and  the  sheet  is  to  have  a  margin  of  one  and  one-half  inches 
all  around  outside  this  section  line,  and  the  number  of  the  section 
is  to  be  put  upon  the  upper  right-hand  corner. 

A  complete  set  of  accurate  tracings  made  from  the  original 
sheets,  and  upon  the  best  quality  of  Imperial  tracing  cloth  from 
which  blue  or  black  process  prints  may  be  made,  are  to  be  fur- 
nished by  the  surveyor. 

The  sections  are  to  be  numbered  consecutively,  and  a  dia- 
gram is  to  be  furnished  by  the  surveyor  showing  each  entire  reser- 
vation on  a  scale  of  i  :  12,000,  upon  which  these  sections  are  to  be 
shown  and  numbered  to  correspond  with  the  sheets. 

The  Blue  Hill  work  was  started  first,  and  was  placed  under 
the  inmiediate  supervision  of  Mr.  Taylor.  A  house  was  rented  on 
the  old  Randolph  turnpike,  at  the  foot  of  Chickatawbut  Hill, 
where  the  entire  force  employed  on  the  work  was  boarded  and 
housed.  For  the  purpose  of  operating  this  house  in  a  satisfactory 
manner,  we  advertised  for  a  boarding-house  keeper,  with  the  result 
of  having  our  office  full  of  applicants  for  a  week  or  more,  taking  a 
large  share  of  our  time,  only  to  end  in  our  giving  the  work  to  a 
married  man  already  in  our  employ.  The  quarters  were  comforta- 
ble, but  not  elaborate,  and  the  food  of  good  quality  and  plentiful  in 
amount. 

I  may  as  well  say  here  that  a  large  portion  of  such  success  as 
we  obtained  on  this  particular  area  was  due  to  the  use  of  a  com- 
mon dormitory  and  dining  room,  since  the  men  in  this  way  were 
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together  evenings  to  talk  over  the  work,  and,  as  they  were  paid  by 
the  hour,  the  older  men  usually  did  more  or  less  ofifice  work  at  that 
time,  thus  preventing  all  loss  of  time  to  the  party,  and  also  famil- 
iarizing themselves  with  the  work  of  the  next  day.  A  heavy  horse 
and  wagon  were  purchased,  and  a  team  kept  on  each  reservation 
to  carry  the  men  to  and  from  the  distant  portions  of  the  work  so 
far  as  possible.  At  the  Fells  an  ol^ce  was  rented  at  the  Wyoming 
Station  of  the  Boston  and  Maine  Railroad,  and  the  men  were  ex- 
pected to  find  quarters  in  the  neighborhood  as  they  chose.  For 
this  reason  they  were  not  able,  as  a  rule,  to  make  the  ten  hours  per 
day,  so  often  made  by  the  Blue  Hills  parties,  and  as  a  whole  did 
not  give  so  much  time  to  evening  work. 

Soon  after  the  contract  was  awarded  us  we  were  besieged  by 
numerous  applicants  for  positions,  only  a  few  of  whom  we  were 
able  to  employ.  We  needed  men  having  some  experience  in  topo- 
graphical work,  but  who  were  just  entering  upon  their  career,  and 
therefore  willing  to  take  a  moderate  sum  for  their  services  until 
such  time  as  they  could  be  called  expert.  For  the  second  man  in 
the  party  we  needed  men  of  some  experience,  but  not  necessarily 
those  whose  judgment  could  be  depended  upon.  The  third  man 
was  usually  an  entirely  inexperienced  man  of  good  health  and 
habits,  and  industrious.  I  believe  that  all  heads  of  parties  and 
many  of  their  assistants  were  graduates  of  some  college  or  tech- 
nical school,  so  you  can  readily  see  that  the  material  was  prettv 
good.  The  men  to  whom  the  special  and  more  responsible  work 
was  given  were  all  old  and  trusted  employes  of  our  ol^ce  who 
could  be  depended  upon. 

The  first  work  taken  up  was  that  of  running  the  section  lines 
called  for  in  the  specifications.  Our  suggestion  had  been  ac- 
cepted that  a  true  east  and  west  line  should  be  laid  off  from  the 
meridian  passing  tb.rough  the  State  House  in  Boston,  and  from 
these  two  axes  parallel  lines  should  be  run  to  form  the  sides  of  the 
sections  which  were  3,600  by  2,400  feet. 

The  Board  of  Harbor  and  Land  Commissioners  very  kindly 
loaned  us  their  eight-inch  theodolite,  made  by  BufT  &  .Berger,  and 
a  start  was  made  from  the  U.S.C.and  G.  Survey  point  on  Big  Blue 
Hill.  A  commanding  point  on  Big  Blue  was  determined  on  the  east 
and  west  line  52,600  feet  south  of  the  State  House  and  the  section 
line  laid  off  therefrom.  This  line  passed  over  the  tops  of  five  of  the 
high  hills  and  was  admirably  situated  to  work  from.  We  laid  off 
and  measuered  this  line  as  an  experiment,  as  we  all  had  considera- 
ble respect  for  tape  work,  but  were  not  quite  so  familiar  with  the 
triangulation   work,  which   we   intended   to   use   as  an  auxiliary. 
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Before  we  were  far  along  with  the  section  hne  mentioned,  we 
reaHzed  that  the  work  was  difficult  and  expensive,  and  made  a 
proposition  to  the  commission  to  furnish  them  with  triangulation 
points  on  all  the  leading  summits  determined  with  a  greater  de- 
gree of  accuracy  than  that  called  for,  together  with  section  cor- 
ners, determined  within  one  foot,  leaving  out  the  intermediate 
points  on  the  section  lines,  and  also  giving  them  an  increased 
number  of  readily-accessible  bench-marks,  all  in  lieu  of  accurately 
placing  the  section  corners  and  intermediate  points.  As  this 
clearly  gave  a  greater  number  of  better  and  more  useful  points, 
with  the  section  corners  remaining  just  as  valuable  for  the  pur- 
poses for  which  they  were  intended,  viz,  scalework,  the  commis- 
sioners accepted  our  proposition,  and  only  the  one  section  line  was 
run.  This  line  was  about  three  miles  long,  and  when  first  tested 
by  triangulation  did  not  check  within  twenty-five  feet  or  more. 
The  method  of  measurement  was  that  of  driving  plugs  nearly 
flush  in  such  position  that  the  tape  could  be  stretched  straight 
from  one  to  the  other  without  the  use  of  a  plumb-bob.  The  eleva- 
tions of  the  plugs  were  determined  and  the  horizontal  distances 
carefully  computed.  Great  care  was  taken  to  check  the  levelling 
and  measurements,  the  latter  being  taken  four  times  imder  a 
definite  pull,  the  readings  being  made  by  two  persons.  Yet  with 
all  this  care  twenty-five  feet  was  the  nearest  we  could  make  it  to 
the  correct  figure.  On  going  over  the  line  again  an  error  of  from 
four  to  eight  feet  was  discovered  in  several  places,  and  the  mistake 
was  always  in  the  feet  and  not  in  the  fractions.  One  plug,  at  least, 
was  also  found  where  the  same  error  of  reading  the  rod  had  been 
twice  made.  After  everything  had  been  carefully  gone  over  the 
measured  distance  and  the  triangulated  one  checked  within  four 
one-hundredths  of  a  foot.  We  were  satisfied  that  we  could  meas- 
ure accurately,  but  that  it  was  difficult  and  above  all  expensive. 
This  line  cost  us  nearly,  if  not  quite,  $500.00,  and  was  not  worth 
more  than  $50.00  to  us  when  completed.  I  should  mention  that 
this  work,  like  all  the  triangulation  work,  was  performed  during 
some  of  the  severest  winter  weather  of  1894  and  1895. 

Triangulation  work,  both  at  the  Hills  and  at  the  Fells,  was 
begun  at  about  the  same  time.  At  the  Hills  we  made  use  of  the 
Coast  Survey  value  of  a  line  from  Big  Blue  to  Wampatuck,  which 
Mr.  Van  Orden,  of  the  Massachusetts  Topographical  Survey 
Commission  assures  us  is  correct  within  one-half  an  inch.  This 
was  tested  from  several  outside  points,  and  we  think  that  he  is 
right. 

At  the  Fells  we  found  it  very  difficult  to  get  a  satisfactory  base 
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as  the  two  best  points,  viz,  "Bear  Hill"  and  "Button's  Summer 
House"  were  invisible  the  one  from  the  other.  By  using  other 
points  almost  as  good  we  managed  to  base  our  computations  on 
the  first  two,  only  to  find  that  we  w-ere  nearl}^  a  foot  out  on  our 
final  measurement  w^hen  checked  on  a  measured  base  running 
from  "Great  Island,"  in  Spot  Pond,  to  "Duck  Rock,"  a  distance  of 
half  a  mile.  This  base  was  measured  with  great  care,  using  a 
U.  S.  C.  and  G.  S.  standardized  tape  over  the  ice  again  and  again, 
and  we  were  sure  of  its  value.  I  am  sorry  we  ever  measured  that 
base,  as,  but  for  doing  so,  w^e  should  never  have  discovered  what 
seems  to  us  to  be  errors  either  accumulated  or  individual  in  the 
points  on  which  we  depended.  Of  course,  you  naturally  wonder 
whether  our  work  was  not  the  one  in  fault,  but  I  think  you  will 
agree  with  us  as  to  the  accuracy  when  I  say  that  our  method  of 
check  was  to  deviate  our  triangles  on  either  side  of  a  given  base, 
to  finally  locate  some  common  point  from  the  results  of  the  various 
locations  on  each  side,  and  the  results  were  always  within  about 
one-tenth  of  a  foot  of  each  other.  In  addition  to  this  we  usually 
made  each  location  from  a  third  triangulation  system,  to  eliminate, 
if  possible,  any  error  from  coincidence.  Again,  on  our  work  in 
the  Fells,  our  triangles  closed  within  an  average  of  three  seconds, 
if  I  remember  aright,  and  if  they  overran  five  seconds,  the  case 
was  investigated.  This  is  much  closer  w'ork  than  is  generally 
done  by  the  Massachusetts  Survey  or  the  Geological  Survey,  and 
is  only  possible  in  winter,  I  think.  Our  best  work  was  done  in 
March,  when  the  instrument  was  set  up  in  a  tent,  one  man  making 
the  observations  while  the  other  got  into  the  lee  of  some  rock,  to 
get  warm  and  to  be  ready  to  take  his  turn,  the  thermometer  vary- 
ing from  32  degrees  above  to  10  degrees  below  zero  Fah.  You 
will  readily  imagine  that  there  was  but  little  boiling  in  the  atmos- 
phere with  such  temperature  and  with  March  winds. 

After  using  the  triangulating  instrument  mentioned,  we  found 
that  the  greater  ease  of  manipulating  the  ordinary  six-inch  Buff 
&  Berger  full  transit.  No.  4,  rendered  the  results  taken  with  the 
latter  instruments  superior  to  those  obtained  by  using  the  eight- 
inch  instrument.  Accordingly,  after  having  three  of  our  regular 
office  transits,  carefully  repaired  and  adjusted  in  the  shop,  they 
were  put  on  the  work  with  very  gratifying  results. 

Our  signal  poles  were  made  of  3"x4"  fresh  spruce  joists, 
guyed  with  telephone  wire.  Some  of  the  troublesome  ones  were 
wound  with  alternate  strips  of  white  and  black  cloth,  flying  white 
or  black  flags  of  various  combinations.  The  ordinary  method  of 
placing  was  to  drill  a  hole  in  the  ledge  about  one  inch  deep,  into 
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wliich  a  headless  spike  half  driven  into  the  axis  of  the  jiole  was  set, 
thus  enabling  the  pole  to  be  sighted  Un-  its  full  height,  the  bottom, 
of  course,  being  always  ])referable. 

After  all  angles  had  been  taken  they  were  tabulated  and  an 
arbitrary  adjustment  made  with  the  system  carefully  plotted  for 
examination.  Here  I  am  tempted  to  digress  to  express  some 
views  on  the  subject  of  adjustment  by  least  squares  and  arithmeti- 
cal mean  as  opposed  to  what  might  be  called  a  common  sense 
method.  Least  squares  is  dotibtless  the  correct  method  in  an  ex- 
tensive series,  but  cannot  be  used  to  good  advantage  in  a  case  like 
this.  Of  course,  after  adjustment,  all  solutions  .or  locations 
agreed,  but  to  state  it  generally  we  believe  that  all  our  triangula- 
tion  points  in  the  two  reservations  are  co-ordiuated  with  a  maxi- 
mum error  of  one-tenth  of  a  foot,  assuming  our  base  to  be  within 
that  limit. 

Almost  simttltaneously  with  beginning  the  work  on  triangtt- 
lation  a  series  of  bench  levels  were  run  through  the  main  roads 
of  the  two  areas.  At  the  Hills  two  independent  parties  brought 
levels  from  Hyde  Park,  which  were  supposed  to  be  based  on  a 
very  accurate  bench,  but,  although  the  line  was  gone  over  four 
times,  we  do  not  feel  that  our  bench  at  the  base  of  Big  Blue  is 
within  two  or  three-hundredth s  of  a  foot  of  the  correct  elevation. 
The  trouble  was  caused  entirely  by  the  variation  in  length  of  the 
target  rods  used,  the  length  changing  with  the  weather.  After 
spending  a  great  de^ll  of  time  in  trying  to  obviate  all  these  diffi- 
culties, we  cast  aside  all  target  rods  and  made  use  of  self-reading 
or  speaking  rods  entirely. 

The  rod  is  a  simple  piece  of  2"xi"  clear  pine,  twelve  feet  long, 
shod  at  both  ends.  This  rod  is  used  both  for  levelling  and  stadia, 
and  all  otir  men  speak  highly  of  it.  With  this  rod,  reading  only 
to  hundredths,  the  thousandths  being  estimated,  a  double  line  of 
levels  was  carried  over  the  top  of  ;Big  Blue  to  the  other  side  and 
returned  at  the  base  with  an  error  of  0.03  of  a  foot,  while  long  lines 
of  easy  grades  were  run  with  errors  considerably  under  one  one- 
hundredth  of  a  foot.  Since  our  experience  here  with  speaking 
rods  we  seldom  use  a  target  rod. 

Spikes  were  placed  in  trees  with  a  "Dennison  tag"  nailed  or 
tied  to  the  tree  bearing  the  number  of  the  point  and  its  elevation, 
thus  enabling  plane-tablers  to  find  their  elevation  anywhere  with- 
out hunting  for  notes.  By  thus  placing  the  tag,  sa}-  four  feet 
above  the  ground,  a  point  could  be  very  (juickly  found,  even  with 
heavy  snow  about. 

After  establishing  certain  triangulation  points  and  benches, 
21 
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we  began  the  measurement  of  traverse  lines,  largely  following  ex- 
isting roads  and  paths.  When  these  were  not  sufHciently  com- 
manding, lines  were  run  from  summit  to  summit  of  the  various 
hillocks  encountered.  This  was  done  more  toward  the  end  of  the 
work  than  in  the  beginning,  and  was  more  useful  in  the  Fells  than 
in  the  Hills  on  account  of  the  smaller  scale  of  the  natural  features 
in  the  former  reservation.  ^ 

We  experimented  at  first  with  the  use  of  the  tape  to  feel  sure 
that  the  cost  of  this  method  could  not  be  brought  somewhere  near 
that  of  stadia  work,  but  while  experience  would  have  doubtless 
enabled  this  method  to  have  more  nearly  approached  in  cost  that 
of  the  stadia  work,  the  results  were  not  -enough  better  to  warrant 
its  use.  For  stadia  purposes  we  had  purchased  four  Gurley  tran- 
sits of  simple  centers,  costing  $147.00  each,  I  think,  and  one 
Reconnoissance  transit  of  the  same  make,  costing  $115.00.  These 
instruments  all  gave  satisfaction,  and,  while  far  inferior  to  the  Butif 
&  Berger  instruments,  the  results  obtained  with  them  were  very 
good.  They  required  more  attention  to  keep  them  in  adjustment 
than  a  higher  grade  tool  would  require,  but  were  we  to  do  the 
work  again,  I  should  favor  their  use. 

The  first  stadia  traverse  of  any  size  which  was  run  in  the 
Hills  was  about  two  miles  in  length  and  did  not  close  by  about  ten 
feet.  As  an  experiment,  this  was  adjusted  in  the  usual  manner 
and  various  points  incorporated  in  other  traverses,  only  to  find 
that  they  were  all  substantially  correct  as  adjusted.  The  subse- 
quent work  was  made  to  close  within  five  feet  in  general,  and 
usually  closed  much  better. 

After  the  Buff  &  Berger  transits  were  released  from  the  tri- 
angulation  work  and  the  men  had  obtained  experience,  Mr.  Hunt, 
who  had  charge  of  the  Fells  work  and  made  most  of  the  later 
traverses  personally,  always  expected,  and  usually  realized,  a  clos- 
ure* of  something  less  than  one  foot.  Vertical  angles  and  dis- 
tances were  read  both  ways  and  the  elevations  of  the  tops  of  the 
plugs  deduced  from  these  notes.  I  well  remember  my  incredulity 
at  a  closure  in  the  levels  obtained  in  this  way  on  the  first  long 
stadia  traverse  in  the  Fells.  The  two  elevations  of  the  starting 
point  varied  only  two-tenths  of  a  foot,  and  I  felt  sure  it  was  either 
an  error  or  a  coincidence,  as  the  line  was  nearly  two  miles  long 
with  great  variations  in  grade.  The  work  was  done  with  a  Buff 
&  Berger  instrument,  which  in  part  accounts  for  the  result.  This 
method,  while  followed  thereafter,  was  not  allowed  to  furnish 
level  values  until  by  repeated  trials  in  both  reservations  and  with 
all  instruments  it  was  demonstrated  to  be  a  trustworthy  process; 
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but  I  confess  I  have  never  gotten  over  my  doubts  about  it,  and  for 
that  reason  we  undoubtedly  did  more  actual  levelling-  than  was 
really  required. 

We  began  our  first  few  traverses  before  we  knew  the  co- 
ordinates of  our  triangulation  points,  and  the  lines  were  accord- 
ingly plotted  on  manilla  paper,  referred  to  some  one  line  and 
pricked  off  on  to  the  plane  table  sheets.  These  brown  paper 
sheets  gave  us  no  end  of  trouble  on  account  of  shrinkage.  We 
welcomed  the  method  of  State  House  co-ordinatipn  and  applied 
it  as  soon  as  possible,  with  beneficial  results  to  accuracy.  The 
stadia  points  were  usually  plugs  with  nails  and  were  marked  by  a 
tag  on  a  near-by  tree,  bearing  number  and  elevation,  as  in  the  case 
of  benches. 

The  best  and  cheapest  method  of  filling  in  between  the  tra- 
verse lines  received  not  a  little  consideration  at  our  hands.  We 
recognized  the  probable  superiority  of  the  plane  table  at  the  outset, 
but,  as  we  knew  that  various  cross-section  methods  had  been  suc- 
cessfully used  in  other  localities,  they  were  very  carefully  consid- 
ered before  the  plane-table  method  was  adopted. 

In  the  light  of  our  present  experience,  I  feel  that  the  method 
that  was  used  was  the  best  one  known,  and  in  a  few  cases,  where 
other  methods  have  prevailed,  I  am  sure  that  the  efficiency  would 
have  been  increased  greatly  by  a  final  use  of  the  plane  table. 

As  called  for  by  the  specifications,  mounted  sheets  of  What- 
mann's  cold-pressed  double-elephant  paper  were  utilized  for  plane- 
table  sheets.  On  these,  six^twelve-inch  squares  were  drawn  when 
the  sheets  were  started,  all  plotting  of  co-ordinate  values  being 
from  the  nearest  line  thereafter,  for  the  purpose  of  obviating,  as 
far  as  possible,  difficulties  due  to  shrinkage. 

There  were  some  sixty  sheets  used,  and  the  first  eight  had 
been  mounted  nearly  two  years,  according  to  the  dealer,  while  the 
other  fifty-two  were  only  a  few  months  old.  Contrary  to  our  ex- 
pectations, the  ones  which  had  been  mounted  for  the  longer  period 
gave  us  the  most  trouble  from  expansion  and  contraction,  the 
shrinkage  being  ten  feet  in  3,600  on  some  of  the  sheets.  Exposure 
to  sun  and  wind,  and  even  to  rain,  for  a  month  will  cause  any  paper 
to  shrink  somewhat,  but  we  found  that  by  thoroughly  heating  and 
drying  each  sheet  just  before  plotting  the  sections  there  was  but 
little  trouble  thereafter. 

The  plane  table  party  consisted  of  a  chief,  who  directed  the 
work  and  manipulated  the  table  and  sheet,  with  an  assistant,  who 
ran  the  transit  and  made  computations  where  necessary,  but  whose 
main  work  was  in  the  use  of  a  cloth  tape  and  hand  level.     One 
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rodnian  ccMiipk-ted  the  ])arly.  and  1  wish  I  knew  the  numl)er  of 
miles  walked  by  the  whole  foree  of  rodmen  during  the  survey. 
The  figures  would  represent  an  enormous  distance,  I  am  sure. 

The  outfit  was  a  Johnson  plane-table  movement,  as  first  built 
for  the  U.  S.  Geological  Survey,  a  Gurlcy  alidade,  with  compass 
and  levels,  a  s])eaking  rod  twelve  feet  long,  a  cloth  tape,  a  stadia 
slide  rule,  a  big  unil)rella  and  shoe,  and,  more  valuable  than  any- 
thing else,  a  $5.00  brass  hand-level  of  English  make  and  of  the 
Locke  ]:»attern. 

The  various  heads  of  parlies  used  methods  which  differed 
slightly  from  each  other,  partly  on  account  of  the  variation  in  the 
ground  itself  and  partly  on  account  of  the  difference  in  the  men. 
So  far  as  consistent  with  good  work,  we  allowed  each  man  to  fol- 
low his  own  course  as  to  the  details  of  his  w^ork.  Some  made  con- 
stant use  of  a  transit  to  carry  a  line  of  levels  wdth  the  party,  gen- 
erally using  it  the  same  as  a  simple  levelling  instrument,  but  all 
used  the  method,  in  steep  ground,  of  locating  a  point  on  a  contour 
by  a  stadia  reading  and  then  taping  the  position  of  successive  con- 
toiu-s,  measuring  at  right  angles  to  the  contour.  A  black  tape  was 
usuall\-  placed  about  the  stadia  rod  at  a  reading  equal  to  the  height 
of  the  assistant's  eye  above  the  ground,  and  another  at  the  con- 
tour interval  of  five  feet  above  and  below  the  same,  thus  enabling 
the  quick  sighting  and  placing  of  the  rod  through  the  small  aper- 
ture of  the  hand-level.  The  first  contour  point  was  located,  say 
from  the  alidade,  a  small  square  of  pasteboard  placed  thereon;  the 
assistant  next  plants  his  heel  on  the  spot,  and,  standing  upright, 
places  the  rodman  on  the  same  or  next  contour,  and  if  the  position 
last  taken  is  not  located  direct  from  the  plane  table,  he  locates  it  by 
tape  and  calls  the  distance  to  the  tal)ler.  In  this  manner  it  was 
possible  to  run  over  country  out  of  sight  from  the  instrument,  and 
more  rapidly  than  could  be  done  in  any  other  way.  The  accuracy 
of  the  work  was  surprising,  and,  as  far  as  possil)le,  all  lines  w'ere 
checked  out  to  some  known  ]:)oint.  In  somewhat  level  ground 
each  contour  was  "chased"  out.  locating  directly  from  the  instru- 
ment. 

At  first,  but  little  plane-table  traversing  was  done;  later,  the 
results  of  this  work  proving  so  good,  lines  of  800  to  1,200  feet  were 
carried  on  in  this  manner,  with  success. 

In  a  few  cases  the  ground  was  so  shaped  that  signals  were 
placed  at  several  ])oints  which  would  come  on  the  sheet,  and  their 
position  located  by  intersection  before  the  topography  was  ob- 
tained. T)V  doing  this,  where  the  ground  was  higher  along  the 
borders  cjf  the  sheet  than  in  the  interior,  the  topographer  was  en- 
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ablecl  to  locate  himself  anywhere  by  resection  or  to  at  least  make 
certain  of  his  orientation  as  no  short  or  traverse  sights  could  do. 

The  rate  of  work  varied  j^reatly,  of  course,  with  the  ground 
surface,  but  was  from  two  to  twelve  acres  per  day  for  each  j^lane- 
table  party,  the  latter  amount  being  occasionally  obtained  in  open 
cotmtrv  with  few^  irregularities.  The  most  difficult  country  was 
found  in  the  southeastern  portion  of  the  Fells,  where  there  were  as 
many  ledge  outcrops  requiring  location  and  determination  as 
there  were  contoured  areas,  and  the  surface  was  very  uneven, 
while  the  most  disagreeable  country  was  portions  of  the  Hills  that 
had  been  swept  by  fire,  leaving  a  close,  stiff  chapparal  almost  im- 
penetrable without  the  aid  of  an  axe,  and  not  easily  subdued  by 
that. 

Xo  special  adventures  are  to  be  recorded  as  occurring  in 
either  reservation,  although  we  expected  that  there  would  be  a 
few  bad  falls  as  a  result  of  venturesome  climbing  in  slippery 
weather.  One  man  slipped  on  the  ice  in  a  fairly  level  spot  and 
pretty  badly  banged  a  six-inch  triangulation  instrument,  and  one 
was  badly  poisoned  by  dog-wood,  but  the  greatest  excitement, 
perhaps,  was  occasioned  by  the  sight  and  killing  of  rattle-snakes 
and  copperheads  in  the  Blue  Hills.  One  man  jumped  a  rattler, 
which  he  did  not  see  until  he  was  upon  him,  and,  seizing  a  stadia 
rod,  which  was  at  hand,  despatched  his  snakeship,  bringing  home 
the  pieces  of  the  rod  along  with  the  snake. 

The  sheets,  after  being  made  in  the  field  by  the  topographer, 
were  inked  and  traced,  the  finishing  being  done  by  one  man,  thus 
assuring  uniformity  in  appearance.  The  finishing  of  each  sheet 
and  its  tracing  was  the  work  of  nearly  a  week,  and  some  sheets 
required  even  more  time. 

The  tracings  were  made  with  the  intention  of  their  being 
lithographed,  the  lettering  and  lining  being  made  heavy  accord- 
ingly, and,  after  all  were  completed,  each  sheet  was  reduced  from 
a  scale  of  100  feet  to  the  inch  to  one  of  500  feet  to  an  inch,  l)y 
photography,  and  the  whole  work  printed  on  one  sheet.  This 
work  was  done  by  the  Boston  Heliotype  Printing  Co.,  and  is  the 
result  of  no  small  patience  and  skill  on  their  part.  As  the  sheets 
differed  slightly  in  size,  it  was  necessary  to  do  some  "fudging" 
along  the  edges  to  make  the  two  sheets  meet,  which  accounts  for 
some  of  the  rough  lines  on  the  lithograph. 

The  work  was  begun  in  November,  1894,  as  I  have  before 
stated,  and  the  field  work  was  completed  early  in  September,  1895, 
the  plans  being  all  rendered  in  October  of  the  same  year,  or  some 
four  months  previous  to  the  agreed  time.     It  was  our  purpose  at 
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first  to  do  but  little  work  from  June  to  October,  as  the  leaves  were 
sure  to  give  much  trouble,  as  they  certainly  did.  l)ut  as  we  per- 
formed the  most  troublesome  work  first,  we  concluded  not  to  stop, 
but  to  keep  all  our  men  on  this  w^ork  to  its  end,  and,  while  we 
might  have  saved  considerable  trouble  from  leaves  by  waiting,  we 
should  probably  have  lost  the  difference  by  the  men  getting  out  of 
practice. 

We  consider  ourselves  as  having  been  most  fortunate  in  the 
men  which  we  gathered  about  us  for  the  purpose  of  this  survey. 
They  evinced  great  interest  and  skill  in  the  work  and  bore  the 
actual  hardships  of  a  severe  winter  without  grumbling.  With  one 
or  two  exceptions,  the  "roughing  it"  which  they  underwent  did 
great  things  for  their  health  and  left  them  much  improved  physi- 
cally. 

The  plans  resulting  from  our  labors  represent  efforts  to  turn 
out  plans  of  the  greatest  accuracy  and  represent  an  expendi- 
ture of  time  and  money  which  we  should  not  have  felt  warranted 
in  spending  had  we  been  in  the  direct  employ  of  the  State,  w'hich 
no  doubt  strengthens  our  belief  that  under  ordinary  circumstances 
any  municipality  or  commission  gets  better  results  under  specifi- 
cations and  an  ironclad  contract  than  when  doing  construction  or 
other  work  themselves. 
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TOPOGRAPHICAL  SURVEYS— METHODS  USEI>  ON   THE 
VANDERBII/r  ESTATE  AT  I51LTMORE,  X.C. 


By  John  L.  Howard,  Member  of  the  Boston  Society  of  Civil  Engi- 
neers. 


[Read  before  the  Society,  October  21,  1896.*] 

Mr.  George  W.  Vaiulerbilt's  North  Carolina  property,  or  the 
Biltmore  estate,  as  it  is  called,  is  a  part  of  the  table  land  lying  be- 
tween the  Blue  Ridge  and  the  Great  Smoky  Mountains,  in  the 
western  part  of  the  State,  about  40  miles  from  the  Tennessee  line. 
The  greater  part  of  the  coinitry  is  at  an  average  elevation  of  2,000 
feet  above  sea  level,  surrounded  by  numerous  mountain  peaks 
rising  to  5,000  and  6,000  feet  above  the  sea  and  only  about  20  miles 
from  the  highest  peak  east  of  the  Rocky  Mountains — Mt.  Mitchell 
— 6,707  feet  high. 

The  railroad  station  at  the  entrance  of  the  estate  is  called  Bilt- 
more, and  is  two  miles  east  of  Asheville  (a  city  that  is  quite  well 
known  throughout  the  North  as  a  winter  resort  for  those  having 
throat  and  lung  troubles). 

It  is  on  the  main  line  of  the  Southern  Railway  at  a  junction  of 
its  southern  branch  to  Atlanta  and  ColumlMa;  and  is  about  24 
hours'  ride  from  New  York. 

Messrs.  CHmsted,  Olmsted,  &  Eliot,  of  Brookline,  Mass., 
were  in  charge  of  the  landscape  work,  and  the  late  Richard  M. 
Hunt,  of  New  York,  was  the  architect. 

One  of  the  first  things  asked  for  was  a  topographical  map  of 
the  estate,  and  the  problem  which  presented  itself  for  solution  at 
Biltmore,  and  the  reasons  which  caused  the  adoption  of  the 
methods  used  there  may  be  briefly  stated,  as  follows: 

Given  9,000  acres  of  land  of  a  rather  broken  character,  about 
equally  divided  between  wood  land  and  open  fields,  much  of  the 
woodland  being  very  thick  with  a  young  growth  of  scrub  oak, 
pine,  etc.,  and  many  of  the  hill  slopes  running  from  5  per  cent,  to 
35  per  cent.,  to  determine  upon  a  method  which  would  show  con- 
tours of  5  foot  intervals  with  sulBcient  accuracy  for  the  laying  out 
of  roads,  and  that  could  be  done  quickly;  so  as  to  have  it  com- 
pleted in  as  short  a  time  as  possible.  The  method  should  be  as 
simple  as  possible,  and  one  that  would  not  require  much  calcula- 
tion, as  skilled  assistants  were  hard  to  get  in  that  part  of  the 
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country,  all  of  the  help  exce])t  the  assistant  in  charge  of  the  party, 
beini;-  farmers'  boys  who  had  attended  school  for  perhaps  six  or 
eight  weeks,  twice  a  year  for  three  or  four  years,  who  could  read 
and  write  and  do  problems  in  sim])le  arithmetic,  but  that  was  the 
extent  of  their  knowledge. 

As  is  usual  in  most  cases  when  work  is  started  upon  a  new 
imdertaking.  nia])s  of  certain  portions  of  the  territory  were  wanted 
at  once,  in  order  that  the  work  might  not  be  delayed,  so  some  200 
acres  were  surveyed  by  the  usual  method  of  cross  sections — stakes 
being  put  in  by  a  transit  in  100  feet  squares  and  levels  taken  with 
an  instrument  on  lines  25  feet  apart  through  these  squares.  But  it 
was  soon  seen  that  this  method  was  both  too  costly  and  too  slow,  as 
well  as  needlessly  exact,  so  after  about  six  months'  trial  it  was 
abandoned,  and  the  following  method,  suggested  by  the  Chief 
Engineer,  Mr.  W.  ?\.  Thompson,  was  adopted: 

A  base  line  was  first  run  as  nearly  as  could  be  estimated, 
through  the  center  of  the  property  in  its  longest  direction,  and  at 
intervals  of  500  feet  points  were  established  on  locust  stakes  4-in. 
square  and  about  2|  feet  long,  driven  into  the  ground  to  within  -4. 
inches  of  the  top  of  the  stake.  The  distances  were  very  carefully 
measured  with  a  100-feet  Chesterman  steel  tape,  at  least  once  in 
each  direction,  by  two  ditTerent  parties.  These  stakes  were  num- 
bered from  o  at  the  Xorth  end,  increasing  toward  the  South. 
From  these  500  foot  points,  lines  were  run  with  a  transit  at  right 
angles  to  the  base  line,  and  on  either  side  of  it,  and  stakes  were 
put  in  100  feet  apart  on  these  lines.  These  stakes  were  lettered 
from  A  to  Z  with  the  omission  of  the  letter  J,  so  that  one  alphabet 
covered  2,500  feet.  The  stakes  west  of  the  l)ase  line  were  marked 
plus,  and  those  east  of  the  base  line  were  marked  minus.  Then 
the  height  of  the  ground  at  each  of  these  100  feet  stakes  was  taken 
with  the  usual  level  and  rod.  This  completed  all  the  field  work 
necessary  before  coming  to  the  actual  determination  of  the  con- 
tours on  the  ground.  The  map  of  the  wiiole  estate,  it  was  de- 
termined, was  to  be  plotted  upon  a  scale  of  200  feet  to  an  inch, 
from  which  lithographs  could  be  made  and  reduced  to  any  scale 
desired.  This  made  the  size  of  the  original  map  8  feet  x  15  feet. 
A  sheet  of  cross-section  paper  divided  into  tenths  was  then  taken, 
wide  enough  to  cover  a  width  of  1,000  feet  on  a  scale  of  200  feet  to 
the  inch,  and  long  enough  to  reach  from  the  base  line  to  the  ex- 
treme limit  of  the  property.  On  this  sheet  was  plotted  the  eleva- 
tion of  the  groimd  at  the  stakes  100  feet  apart  on  parallel  lines 
separated  from  each  other  by  a  distance  of  500  feet. 

The  topographical  party  consisted  of  the  head  of  the  party^ 
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with  a  hand-level  and  the  sheet  of  cross-section  paper  described 
above,  and  three  boys  with  one  12-fi  ot  self-reading  rod  and  two 
flags,  made  of  a  pole  about  an  inch  in  diameter  and  7.0  long,  with 
a  piece  of  red  flannel  about  2.0  square  tacked  on  one  end,  and  the 
other  end  shod  with  a  steel  point  to  stick  into  the  ground. 

The  duties  of  the  party  were  as  follows:  On  arriving  at  a 
stake  on  one  of  the  500  feet  lines  one  boy  was  sent  ahead  with  one 
of  the  flags  to  the  next  500  feet  line,  and  told  to  stand  over  a  stake 
corresponding  with  the  one  at  which  the  rest  of  the  party  were 
waiting.  For  instance,  if  the  rest  of  the  party  were  at  stake  A  80, 
he  was  told  to  go  to  stake  A  85  or  A  75,  according  to  whether  they 
were  working  North  or  South  on  the  base  line.  When  he  ar- 
rived at  that  point  he  would  wave  the  flag,  if  in  sight,  and,  if  not, 
as  was  usually  the  case,  he  would  shout,  and  the  direction  would 
be  taken  for  the  sound,  as  nearly  as  possible,  with  such  assistance 
as  could  be  obtained  by  "squaring  off"  a  right  angle  from  the 
transit  line  at  the  starting  point.  Then,  with  the  rod  on  the 
ground  at  a  stake  the  elevation  of  which  was  plotted  on  the  sheet 
of  cross-section  paper,  the  head  of  the  party  would  go  up  or  down 
the  slope  until  he  read  on  the  rod  held  by  one  of  the  boys  enough 
to  make  the  elevaticwi  of  the  hand  level  an  even  5  or  10  feet.  Then 
the  other  boy  would  pace  the  distance  from  the  rod  to  the  hand 
level,  and  the  distance  would  be  plotted  on  the  sheet  of  cross-sec- 
tion paper,  then  the  rod  would  be  sent  ahead  until  another  5  or  10 
foot  contour  was  reached,  wdien  the  distance  was  paced,  then 
plotted,  and  the  operation  repeated  as  before  until  the  stake  on  the 
next  500  foot  line  was  reached,  when  the  distance  as  paced  was 
checked  by  the  location  of  the  stake,  which  had  been  put  in  with  a 
transit  and  tape,  and  the  elevation  of  the  ground  as  carried  over 
the  distance  of  500  feet  by  the  hand  level  was  checked  by  the  eleva- 
tion, plotted  on  the  cross-section  paper  as  determined  with  the 
level  and  leveling  rod.  It  was  found  that  the  elevation  could  be 
carried  by  the  hand  level  a  distance  of  500  feet,  with  an  error  of 
less  than  0.5  of  a  foot.  Sometimes  it  would  check  exactly,  and 
sometimes  the  difference  would  be  a  little  more  or  a  little  less,  but 
if  it  was  more  than  one  foot,  it  was  certain  an  error  had  been  made 
somewhere  in  reading  the  rod,  and  by  going  over  the  line  again 
the  error  could  always  be  detected. 

The  distance,  also,  would  usually  check  out  within  9  feet,  and 
on  a  scale  of  200  feet  to  the  inch,  that  was  not  a  serious  error.  It 
was  surprising  how  closely  those  farmers'  boys,  after  a  little  prac- 
tice, would  come  in  pacing  500  feet  over  some  of  the  roughest  kind 
of  country,  and  up  and  down  such  steep  slopes.     One  of  the  boys 
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at  Biltiiiorc  was  especially  good  in  that  respect,  almost  invariably 
checking  out,  either  exactly  or  not  more  than  3  feet  out  of  the  way. 
I  was  a  little  sceptical  at  first  about  this  performance,  for  it  seemed 
almost  impossible  that  such  good  pacing  could  be  done  for  that 
distance  and  over  such  rough  and  uneven  countr}^  but,  after 
watching  very  closely  for  several  days  to  see  if  the  boy  did  not 
lengthen  or  shorten  his  stride  as  soon  as  he  came  in  sight  of  the 
stake,  in  order  to  make  the  distance  come  just  right,  I  came  to  the 
conclusion  that  it  was  perfectly  feasible,  and  that  there  was  no  jug- 
gling attempted  in  the  last  100  feet  or  so.  But  the  average  error 
in  distance  was  about  9  feet.  The  contours  were  sketched  in  in 
pencil  on  the  cross-section  paper,  and  where  inked  in  with  water- 
proof ink  the  next  morning  before  starting  out  to  work  for  that 
day,  as  if  left  in  pencil,  the  sketch  would  be  so  blurred  by  the  next 
day's  handling  that  it  would  be  impossible  to  tell  one  contour  from 
another.  I  say  water-proof  ink  was  used,  because  at  first  water 
colors  were  used,  burnt  sienna  for  the  contours,  prvissian  blue  for 
the  brooks,  etc.,  but  after  working  through  wet  bushes  and  having 
the  water  drop  ofif  onto  the  sketch  and  the  seeing  the  colors  all  run 
together  regardless  of  contoiu'  lines,  the  practice  was  abandoned, 
and  the  water-proof  inks  were  found  to  answer  the  purpose  very 
well. 

The  amount  of  work  done  in  this  way  per  day  depended  of 
course,  upon  the  character  of  the  country  worked  over  and  the 
number  of  hours  spent  in  actual  field  work.  It  was  found  that 
eight  hours  of  actual  field  work,  by  this  method,  would  cover  about 
40  acres  per  day.  There  were  certain  portions  of  the  work  that 
were  so  far  away  from  head-quarters  that  not  more  than  five  hours 
of  actual  field  work  were  accomplished,  the  rest  of  the  time  being 
spent  in  getting  to  and  from  work.  And  that  seems  to  me  one  of 
the  most  important  points  in  this  class  of  work.  Have  your  men 
live  near  the  place  v.here  they  are  working,  so  that  they  can  begin 
work  in  the  field  by  8  a.m.,  and  the  work  will  be  sure  to  go  on  with 
good  results  both  in  cheapness  and  rapidity. 

The  cost  of  the  work  figured  out  to  about  $1.00  per  acre,  dis- 
tributed as  follows:  32,000  feet  of  base  line  for  the  whole  estate, 
500  feet  of  which  could  be  run  in  a  day  with  a  force  of 

1  assistant  as  head  of  partyi^ $4.00 

2  chainmen(r?$i.oo 2.00 

1  transitman@ 2.00 

2  axemen@$i.oo 2.00 

Total  cost  per  clay Sio.od 
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and  for  32,000  feet  that  would  amount  to  $640.00;  the  total  area  re- 
ferred to  base  line  being  9,000  acres  that  would  make  the  cost  per 
acre  for  base  line  work  7  cents. 

Of  the  parallel  transit  lines  500  feet  apart,  with  stakes  at  each 
100  feet,  3,000  feet  could  be  run  in  a  day  with  a  force  of 

I  assistant,  per  day ?4.oo 

I  transitman,  per  day 2.00 

3  ax  and  chainmen,  per  day 300 

Total    cost    per   day SfQ.oo 

3,000  feet  in  one  line  is  equal  to  1,500  feet  on  two  lines,  and 
as  the  lines  were  500  feet  apart  that  made  an  area  of  17.25  acres, 
which  w-as  done  at  a  cost  of  $9.00,  or  52  cents  per  acre. 

Leveling  with  an  instrument  over  stakes  100  feet  apart  on  the 
lines  at  right  angles  to  the  base  line,  5,000  feet  could  be  done  in  a 
day  with  a  force  of 

I   transitman,   per  day ^'-'■00 

I  rodman,  per  day i  00 

I  axeman,  per  day 100 

Total  cost $400 

This  was  equal  to  2,500  feet  on  two  lines  500  feet  apart,  or  an 
area  of  28.75  acres,  making  the  cost  per  acre  14  cents. 

With  the  hand  level  40  acres  were  covered  in  one  day  with  a 
force  of 

I   assistant,  per  day ?4-00 

1  man  to  pace  distances,  per  day .3. 00 

2  flagmen,  per  day '•     -'  co 

Total  cost,   per  day $8.00 

which  is  equal  to  a  cost  of  20  cents  per  acre. 

In  plotting  the  work  it  was  found  that  one  man  could  plot 
and  ink  in,  in  one  day,  as  much  as  three  parties  in  the  field  could 
do  in  a  day,  or  about  100  acres,  and  at  $4.00  a  day  that  would  make 
the  cost  for  draughting  about  4  cents  per  acre. 

A  summary  of  the  cost  w-ould  be  as  follows: 

Base   line,    per   acre 07 

Transit  lines,  per  acre 5^ 

Levels,   per   acre 14 

Hand  levels,  per  acre 20 

Draughting,   per   acre 04 

Total,   per   acre 97 

The  advantages  claimed  for  this  method  are: 

First.     Simplicity;   no   calculations  are   needed   as   in   stadia 
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surveys  to  reduce  stadia  distances  to  horizontal  distances,  or  to 
reduce  vertical  angles  to  difference  of  feet  in  elevation,  and  then 
subtracting  to  get  the  correct  elevation. 

Second.  Accuracv;  the  ach'antage  of  having  the  contours 
drawn  in  the  field  by  the  man  who  is  making  the  survey  rather 
than  by  an  office  assistant,  who  has  never  been  over  the  ground 
himself,  sketching  it  from  the  notes. 

.    Third.     Rapidity;  40  acres  a  day  for  a  party  of  four. 

Fourth.     Cheapness;  $1.00  an  acre. 

Fifth.  As  little  cutting  of  trees  as  possible,  the  only  cutting 
necessary  being  on  the  base  line  and  the  transit  lines,  as  it  was 
found  none  was  needed  on  the  hand  level  work. 

Of  course  it  takes  some  time  to  familiarize  a  party  with  this 
kind  of  work,  and  it  may  be  two  or  three  weeks  before  40  acres 
will  be  the  usual  amount  of  ground  covered  in  a  day,  but  after  the 
partv  is  accustomed  to  the  method,  I  have  no  doubt  that  they 
would  often  do  more  than  that.  As  an  instance,  I  may  say  that 
when  this  method  was  first  used,  about  75  acres  was  the  average 
total  of  a  week's  work,  but  on  the  last  survey  made  by  this  method 
1,000  acres  were  done  in  four  weeks  by  a  party  of  four.  That  is, 
the  hand  leveling  was  done  in  four  weeks;  the  staking  out  was  hi 
addition  to  that. 

The  maps  made  by  this  method  answered  their  purpose  admi- 
rably. The  landscape  architects  found  no  fault  on  the  ground  of 
inaccuracy  with  the  maps  furnished  them,  and  the  roads  laid  out 
by  them  from  those  maps  were  found  to  be  perfectly  feasible  and 
within  the  limit  of  6  per  cent,  which  had  been  set  upon  all 
grades.  So  that  the  method  was  considered  a  success  by  those 
who  adopted  it,  and  they  have  no  hesitation  in  recommending  its 
use  to  others  under  similar  conditions. 
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Bv  \\'.\i.  R.   HoAG,  Member  of  the  En'gineers'  Club  of  Minneapolis. 


[Read  before  the  Club  at  its  Good  Roads'  Session.  February  2;^,  1897.*] 

The  foot  path  made  by  the  savage  through  the  jungle  or  across 
the  prairie — the  hardended  way  over  which  the  huge  blocks  of 
stone  were  transported  by  ancient  builders  for  constructing  their 
walls,  temples  and  forts — the  military  road  of  Europe  during 
medieval  times — the  post  roads  and  common  highways  and  boule- 
vards of  modern  times,  and  the  railroads  of  to-day;  each  in  its  pe- 
culiar way  has  been  a  solution  of  the  transportation  problem.  And 
each  was  perhaps  suited  to  the  age  and  people  producing  it.  Each 
solution  has  been  not  only  a  positive  indication  of  the  needs  of  the 
people  and  of  their  state  of  civilization,  but  it  has  truly  reflected 
the  genius  and  capacity  of  the  people  and  their  ability  to  appreciate 
and  supply  such  recognized  needs. 

Until  the  advent  of  some  form  of  the  wheeled  vehicle  there 
was  no  need  of  a  road  surface  other  than  that  furnished  by  the 
natural  soil,  and  little  or  no  grading  was  required  as  pack-trains 
could  follow  any  trails  on  which  man  could  travel  with  safety. 

Wheeled  vehicles  may  be  said  to  have  been  used  as  early  as 
the  tenth  century  before  the  Christian  era.  At  this  time  the  Egyp- 
tians used  rollers  in  transporting  heavy  stones  from  the  cjuarry  to 
the  seat  of  construction.  The  substitution  of  two  wheels  for  the 
roller,  thus  bringing  increased  load  on  a  portion  only  of  the  track, 
which  probably  took  place  soon  after  among  the  Romans  on  their 
war  chariots,  marked  the  real  beginning  of  the  need  of  a  special 
preparation  of  a  road  surface  together  with  a  sititable  foundation. 
The  Greeks  are  credited,  even  earlier  than  this,  with  having  some 
worthy  examples  of  highways,  but  these  seem  to  have  exerted  lit- 
tle influence  on  subsequent  road  building. 

The  Romans  were  the  first  to  realize  the  necessity  of  suitable 
roadways  over  which  to  transport  their  vast  armies  and  munitions 
of  war.  We  have  good  evidence  that  they  had  constructed  such 
roads  as  early  as  the  third  century,  .B.  C,  for  at  about  this  time  one 
of  Hannibal's  armies  made  a  march  of  600  miles  at  the  rate  of  forty 
miles  per  day.  This  was  possible  only  over  a  well-constructed 
roadway.     The  Roman  highways  were  characterized  by  massive- 
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riess — whicli  nia}-  have  come  from  the  national  habit  as  well  as 
from  lack  of  knowledge  of  the  strength  of  the  material  employed. 
A  further  fact  which  may  have  contributed  to  this  style  of  con- 
struction consists  in  their  using  slave  labor,  thus  freeing  them  from 
the  usual  economic  considerations.  The  Roman  appreciated  the 
needs  of  the  firm  foundation  and  the  impervious  wearing  surface, 
and  usually  secured  these  essential  features  though  at  great  cost. 
He  reasoned  that  the  solid  foundation  could  be  secured  only  by 
building  it  of  broad  stones  as  thick  as  the  desired  foundation.  He 
thus  lost  sight  entirely  of  that  peculiar  cementing  element  in 
broken  stone  when  compacted  with  chippings  and  stone  dust, 
which  is  the  secret  bond  of  our  macadam  roads. 

After  the  downfall  of  the  Roman  empire,  the  spirit  of  road 
building  passed  away.  During  the  midiaeval  period,  when  Europe 
was  dissolved  into  its  local  elements;  when  each  petty  ruler  held 
his  small  estate  more  securely  from  his  quarrelsome  neighbor 
through  the  agency  of  impassable  roads,  no  transcontinental  lines 
were  needed,  and  those  left  by  the  Romans  in  southern  Europe 
lapsed  into  ill  condition  or  were  purposely  destroyed. 

Charlemange  is  said  to  have  partially  revived  road  building  in 
the  eighth  century  in  order  to  consolidate  his  scattered  provinces, 
but  nothing  permanent  resulted  from  it.  The  period  of  modern 
scientific  road  construction  has  been  developed  so  recently  that  to- 
day we  still  see,  in  parts  of  Europe,  marks  of  the  costly  highways 
of  earlier  ages.  Through  England  one  occasionally  finds  broad 
roads  sometimes  a  hundred  feet  or  more  in  width,  which  were 
constructed  by  the  Romans,  and  were  evidently  better  suited  and 
doubtless  more  used  for  purposes  of  war  than  of  peace. 

The  movement  for  modern,  better  roads  can  l)e  said  to  have 
begun  about  a  century  and  a  quarter  ago  during  the  reign  and  by 
the  agency  of  that  marvelous  despot.  Napoleon  I.  of  France.  His 
Italian  campaigns  acquainted  him  fully  with  the  importance  of 
good  highways.  The  patches  of  old  Roman  roads  still  remaining 
furnished  him  ample  proof  of  their  value  in  time  of  war.  Of  all 
the  legacies  which  Napoleon  left  to  France  and  the  world,  none 
are  greater  or  more  far-reaching  in  their  benefits  to  mankind  than 
the  splendid  system  of  roads  which  resulted  from  the  impulse  given 
h\-  him.  Great  credit  is  due  to  the  French  engineer,  Tresaguet, 
who  about  1764  began  the  systematic  direction  of  the  highway 
building  in  France.  He  imitated  largely  the  Roman  style  of  mas- 
sive construction,  using  the  heavy  blocks  beneath  with  a  thin  cov- 
ering of  broken  stone  and  further  greatly  reduced  the  expense  by 
building  much  narrower  roadways.     His  name  deserves  to  stand 
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beside  those  of  Telford  and  Macadam,  who  were  truly  his  disciples 
and  took  up  the  work  about  half  a  century  later. 

ENGLAND    A    PIONEER. 

England,  given  less  to  consideration  of  war  than  the  continen- 
tal countries  of  Europe,  attempted  early  in  the  sixteenth  century 
some  feeble  legislation  for  the  improvement  of  her  highways  for 
commercial  reasons.  Macauley,  a  century  and  a  half  later,  writing 
of  the  common  roads  of  the  kingdom,  notes  that  no  substantial  ad- 
vance had  then  been  made  in  the  work  of  improving  her  roads. 

There  are  striking  features  of  similarity  between  the  progress 
of  road-building  in  England  and  in  our  own  country,  with  a  differ- 
ence only  of  about  a  century  in  time.  History  is  here  truly  repeat- 
ing itself.  Great  Britain  undertook  the  work  of  improving  her 
highways  mainly  with  reference  to  commerce ;  her  agricultural  and 
manufacturing  industries  as  well  as  good  road  material  greatly 
stimulated  this  movement.  Our  conditions  in  this  country  are 
quite  similar,  our  industries,  as  well  as  our  social  conditions,  being 
so  much  like  those  of  Great  Britain.  And  yet,  with  this  tardiness 
in  highway  improvements,  may  we  not  inquire  with  some  profit 
why  we  are  thus  lagging  one  hundred  years  behind  our  mother 
country  when  in  all  else  which  counts  for  civilization  we  justly 
claim  a  place  beside  her  and  all  the  other  and  older  nations  of  the 
world.  Must  we  go  over  the  same  tiresome  way  that  England  has 
traveled,  to  reach  the  good  road?  England,  a  hundred  years  ago, 
had  her  system  of  "working  out  the  highway  tax"  strikingly  similar 
to  what  we  are  now  reluctantly  parting  with  long  after  its  utter  in- 
adequacy has  been  demonstrated.  She  had  also,  besides  her  poor 
roads,  a  system  of  "parish  management"  by  persons  chosen  each 
year  to  become  roadbuilders.  They  had  no  special  knowledge  or 
fitness  for  their  work,  and  the  dirt  roads  of  England  seventy-five 
years  ago  under  their  management  were  much  like  our  roads  of 
to-day.  The  points  of  resemblance  between  the  system  which 
produced  only  bad  roads  in  England  then,  and  that  which  is  doing 
the  same  for  us  to-day,  is  too  striking  to  require  connnent.  Con- 
tinuing with  this  thought  of  resemblance,  Mr.  Potter  remarks:  "In 
18 19,  while  the  question  of  improved  roads  was  occupying  the  at- 
tention of  Parliament  in  about  the  same  manner  that  it  is  attract- 
ing the  attention  of  legislative  bodies  throughout  the  United  States 
to-day,  Mr.  Telford  appeared  before  the  parliamentary  committee 
on  roads  and  highways  and  gave  graphic  testimony  of  the  real  con- 
dition of  the  British  roads  of  that  period.  The  interest  then  awak- 
ened grew  from  year  to  year  till  1835,  when  Parliament  passed  the 
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general  highway  act.  and  from  that  date  began  the  systeniatic  and 
intehigent  management  to  wliich  the  superior  quahties  of  the  Eng- 
Hsh  road  is  now  principaUy  (hie."  Quickly  following  the  example 
set  by  England,  the  other  countries  of  Europe  were  little  behind 
in  constructing  a  system  of  highways  little  if  any  inferior  to  that 
of  England.  By  a  system  of  administration  very  similar  and  plans 
of  construction  and  maintenance  frequently  almost  identical, 
exce])t  to  meet  slightly  different  local  conditions  of  material,  na- 
tional customs  and  social  laws,  nearly  all  the  countries  of  Europe 
to-day  possess  systems  of  highways  which  are  at  once  their  pride 
and  their  wealth  and  the  envy  of  visiting  Americans. 

HIGHWAYS    CONNECT    NATIONS. 

In  Ireland  these  highways  add  much  to  the  picturesqueness  of 
the  Killarney  district.  In  France  you  may  ride  over  the  same 
matchless  highways  from  Paris  to  Orleans  and  on  to  Nevers  and 
across  the  lura  mountains  into  Switzerland.  You  may  journey 
through  this  delightfully  refreshing  country  and  on  through  Ger- 
many and  follow  the  Rhine  to  the  Xorth  Sea,  and  everywhere  you 
will  find  good  roads.  You  will  travel  with  equal  pleasure  the 
roads  of  Scotland,  Italy,  Austria,  Belgium  or  Scandinavia,  and  you 
will  everywhere  find  that  the  public  hand  has  been  intelligently  di- 
rected to  building  and  maintaining  common  highways'.  "Each  of 
these  countries  has  established,  within  its  civil  government,  a  de- 
partment having  control  of  the  more  important  highways  and  in 
most  cases  a  supervisory  management  of  the  parish  and  branch 
roads.  There  is  a  practical  unanimity  among  the  great  countries 
of  Europe  in  this  policy  of  government  direction."  Its  founda- 
tion lies  in  the  recognition  of  the  ]:)rinciple  that  the  highway,  like 
the  public  postofhce  or  courthouse,  is  public  property,  dedicated  by 
law  to  the  use  of  the  public;  and  further,  that  the  waste  of  time 
and  property  which  had  been  going  on  for  centuries  in  Europe  by 
the  use  of  mud  roads  could  be  checked  only  by  the  construction  of 
high-class  roads  under  an  intelligent  central  authority.  This  was 
the  doctrine  of  the  French  engineer,  Tregasuet,  and  later  of  Tel- 
ford and  Alacadam.  One  who  has  made  an  exhaustive  examina- 
tion of  the  plans  of  twenty-three  separate  states,  reports  that  in 
each  case  the  (|uality  and  condition  of  the  ])ublic  roads  were  im- 
proved or  injured  in  the  same  measure  that  the  general  govern- 
ment bestowed  or  withheld  its  of^cial  supervision. 

"What  is  the  conmiercial  value  of  these  highways?  Why 
does  the  nimble-witted  Frenchman  spend  $18,000,000  per  year  to 
maintain  good  roads?     His  quick  answer  is,  Tt  pays.'     He  knows 
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that  a  horse  can  take  to  market  twice  as  much  on  a  Macadam  road 
as  on  a  dry  dirt  road,  and  four  times  as  much  as  on  the  averag^e 
dirt  road  in  average  con(htion  and  eight  to  ten  times  as  much  as 
when  the  dirt  road  is  turned  to  mud  by  the  fall  and  spring  rains. 
He  also  realizes  fully  its  effect  in  shortening  the  distance  to  mar- 
ket; its  effect  on  land  values;  its  saving  to  wagons,  horses,  etc.;  he 
knows  that  it  quickens  social  commimications  and  adds  wealth  to 
the  individual  and  the  state.  The  American  farmer  will  doubt  this, 
but  the  Frenchman  knows  it  for  he  has  tried  both  ways." 

A  recent  writer  has  said:  "It  is  impossible  to  read  the  history 
of  the  reform  in  European  highway  management  and  the  heroic 
work  of  the  men  to  whom  the  credit  of  that  reform  is  due,  without 
noting  the  fact  that  the  friends  of  good  roads,  who  fought  their 
battles  for  better  laws  in  the  British  Parliament,  were  onlv  pioneers 
in  the  same  work  in  which  many  intelligent  Americans  are  engaged 
to-day.  Theirs  was  a  task  which  took  years  to  accomplish.  They 
were  met  by  the  same  arguments  which  impede  the  movement  in 
this  country  sixty  years  later.  Their  motives  were  doubted,  their 
methods  criticised,  and  their  final  success  was  attained  only  by  the 
most  persevering  steps.  If  our  conmion  boast  that  we  are  a  pro- 
gressive, wide-awake  and  ingenious  nation  is  well  founded,  what 
can  be  urged  to  excuse  us  for  adhering  to  the  intiquated  and  inef^- 
cient  methods  of  keeping  our  common  roads,  when  we  have  before 
us  the  great  economy  and  splendid  results  produced  by  the  adop- 
tion of  more  intelligent  methods  in  other  countries? 

QUESTION    OF    EXPENSE. 

But  the  question  is  frequently  asked:  "Can  the  people  of  this 
country  afford  to  build  and  maintain  high-class  roads?  Is  not  ours 
a  new  country,  and  can  we  expect  to  rival  the  countries  of  Europe 
in  the  construction  of  costly  internal  improvements?"  The  answer 
to  these  questions  is  forever  ready.  Ours  is  not  a  new  country. 
We  are  rich  and  populous,  and  we  claim  to  be  intelligent  and  en- 
terprising. It  is  an  encouraging  circumstance  that  the  importance 
of  this  question  is  gaining  recognition  in  the  councils  of  our  gov- 
ernment and  in  many  of  our  States.  In  a  recent  report  of  the 
connnittee  of  agriculture,  the  condition  and  urgent  needs  of  Ameri- 
can roads  is  stated  in  language  clearly  indicating  the  importance 
this  subject  holds  in  the  consideration  of  the  writer.  The  com- 
missioner says:  "The  common  roads  of  the  country  are  the  veins 
and  arteries  through  which  the  agricultural  productions  and  the 
agricultural  supplies,  which  are  the  lifeblood  of  the  nation,  pass  to 
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greater  ducts  of  travel  and  transportation — the  railroads  of  the 
country. 

"While  our  railway  system  has  become  the  most  perfect  in 
the  world,  the  common  roads  of  the  United  States  have  been  ne- 
glected and  they  are  inferior  to  those  of  any  other  civilized  coun- 
try in  the  world.  They  are  deficient  in  every  necessary  qualifica- 
tion that  is  an  attribute  of  a  good  road;  in  direction,  in  slope,  in 
shape  and  service,  and,  most  of  all,  in  want  of  repairs.  These  de- 
ficiencies have  resulted  not  only  from  an  ignorance  of  the  true 
principles  of  road  making,  but  also  from  the  varied  systems  of  road 
building  in  force  in  the  several  States  in  the  Union,  due  to  defec- 
tive legislation.  The  principle  upon  which  the  several  States  have 
based  much  of  their  road  legislation  is  known  as  the  "road  tax" 
system  of  personal  service  and  commutation,  which  is  unsound  as 
a  principle,  unjust  in  its  operations,  wasteful  in  its  practices  and 
unsatisfactory  in  its  results.  It  is  a  relic  of  feudalism  borrowed 
from  the  'statute  labor'  of  England,  and  its  evil  results  are  to-day 
apparent  in  the  neglected  and  ill-conditioned  conmion  roads  of  the 
country. 

"It  is  a  question  of  vast  importance  to  the  welfare  of  this  na- 
tion that  these  arteries  of  agricultural  and  commercial  life  should 
receive  the  attention  that  their  imjx^rtance  deserves,  and  that  an 
effort  should  be  made  to  remedy  the  defects  now  existing  and.  es- 
tablish a  svstem  that  could  be  made  uniform  and  efTticient  in  all  the 
States  of  the  Union." 

\\'hat,  then,  is  the  remedy?  Granting  that  we  are  in  the  mud. 
and  deep,  too,  what  is  to  be  done?  \\\\\  philosophizing  as  to  how 
we  got  in  help  us  out?  It  may  be  comforting  to  shift  upon  some 
other  party  the  responsibility  of  our  being  in.  We  might  say  that 
the  railroads  are  largely  to  blame  for  becoming  so  numerous  and 
well  organized  and  operated  that  the  business  that  would  have 
demanded  the  betterment  of  our  highways  has  been  taken  by  them. 

RAILROADS    II.W'E    TIIK    LKAl). 

The  railroads  "got  the  start"  of  the  highways  in  this  countr_\ 
and  have  outstrip])ed  them.  In  England  the  highways  were  well 
under  way  before  the  advent  of  the  railroads.  This  may  be  com- 
forting to  contemplate,  but  still  it  leaves  us  stuck  in  the  same  un- 
pleasant place  in  the  road.  The  comforting  thought  that  we  have 
not  had  a  fair  race  with  the  railroad  will  largely  vanish  if  we  will 
ask  ourselves  a  few  simple  (juestions: 

First — Is  there  any  particular  stud}  made  before  a  railroad  is 
iinallv  located? 
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Second — Is  each  few  miles  of  the  raih'oad  under  the  entire 
charge  of  a  dififerent  man? 

Tliird — Does  this  man  know  anything  in  i)articular  about  the 
maintenance  of  way? 

Fourth — Is  this  small  section  of  road  given  into  the  charge  of 
a  new  man  each  year,  who  will  doubtless  undo  any  good  his  prede- 
cessors may  have  done? 

Fifth — Is  one  part  of  the  road  constructed  or  maintained  with 
.any  reference  whatever  to  any  other  part? 

In  a  word,  do  we  apply  to  the  construction  and  maintenance 
of  our  highways  any  of  the  well  recognized  business  and  engineer- 
ing methods  which  we  know  to  obtain  with  the  railroad  and  which 
have  placed  them  second  to  none  in  the  world?  Now,  to  get  out 
of  the  hole,  one  must  fully  realize  that  he  is  surely  in.  This  is  the 
mental  process  which  must  precede  his  putting  forth  the  necessary 
extra  efiort  to  extricate  himself.  When  the  driver  feels  his  wheels 
sinking  and  his  load  stop,  he  at  once  climbs  down  and  walks 
around  his  wagon  to  make  sure  he  is  in  and  how  badly,  in  order 
to  determine  about  how  much  whip  he  must  use  to  free  his  load. 

Now,  I  seriously  question  if,  as  a  people,  we  realize  that  our 
load  has  come  to  a  halt  and  is  badly  in  the  mud.  I  believe  we  are 
still  sitting  complacently  on  top  of  the  load,  with  now  and  then  a 
lash  at  the  horses,  persuading  ourselves  that  we  are  still  moving, 
though,  perhaps,  slowly.  There  is  little  hope  of  reaching  better 
roads  here  till  we  fully  appreciate  that  we  are  now  but  wasting  time 
and  making  no  progress. 

This  country  stands  to-day  in  greater  need  of  road  mission- 
aries than  of  road  engineers.  We  need  both,  but  we  want  one 
hundred  missionaries  to  one  engineer.  At  present,  the  ratio  is 
about  reversed.  When  a  majority  of  the  land  owners  know  that 
good  roads  pay,  we  shall  have  good  roads,  and  that  soon.  How 
this  educational  work  can  best  be  carried  on  is  a  question  upon 
which  some  differ.  Massachusetts,  Vermont,  New  York,  New 
Jersey,  California  and  other  States  (at  least  ten  years  in  advance  of 
Minnesota  in  this  matter)  are  believed  to  have  found  a  sokition. 
They  have,  uniformly,  created  a  State  Conmiission,  to  take  the 
whole  matter  under  advisement  and.  after  two  years'  work  and 
study  of  the  question  in  all  its  legal,  economic,  engineering  and 
local  bearings,  these  commissions  have  reported  back  to  the  Legis- 
lature with  reconmiendations  for  suitable  legislation. 
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[Paper  read  by  Mr.   E.  A.   Whitman  at  the  Good  Roads'  Session  of  the 
Engineers'  Club  of  Alinneapolis.  held  February  23.  1897.!] 

One  of  the  first  and  great  catises  of  otir  poor  highways  is  a 
lack  of  any  system  of  drainage.     Whatever  may  be  the  locaHty  of 
a  road,  or  whatever  may  be  the  material,  it  must  be  borne  in  mind 
that  water  is  the  greatest  enemy  to  a  road,  and  that  some  system. 
for  drainage  must  accordingly  be  adopted. 

Roadway  drainage  is  of  two  kinds — surface  and  sub-surface. 
The  first  provides  for  the  speedy  removal  of  all  water  which  may 
in  any  way  come  in  contact  with  the  surface  of  the  road;  the 
second  provides  for  the  removal  of  that  which  comes  in  contact 
with  the  body  of  the  road.  The  drainage  of  the  road  surface 
depends  upon  keeping  the  section  higher  in  the  center,  with  uni- 
form slopes  to  both  sides,  without  hollows  or  ruts  in  which  water 
can  lie,  and  upon  the  longitudinal  fall.  The  slope  necessary  from 
the  middle  to  the  sides  of  the  road  will  be  determined  by  the 
nature  of  the  covering,  being  less  as  the  road  surface  is  more 
smooth  and  less  permeable.  It  should  be  steep  enough  to  cause 
the  speedy  removal  of  the  water  without  washing  the  surface. 

There  are  two  forms  of  this  section — one  with  a  convex 
curved  surface,  the  other  with  two  plain  uniform  slopes,  one  in 
each  direction — but  it  is  not  a  matter  of  importance  which  is 
adopted,  so  long  as  the  section  is  kept  highest  in  the  middle. 

The  longitudinal  fall  of  the  road  must  be  sufficient  to  protect 
the  road  from  becoming  flooded  during  rain  storms  and  melting 
snow.  This  slope  should  be  from  i  in  100  to  i  in  120  on  broken 
stone  or  earth  roads.  To  prevent  the  gutter  from  washing  where 
the  slope  is  steep,  they  must  have  some  form  of  pavement,  or  the 
water  must  be  removed  at  frequent  intervals,  in  order  to  make 
the  flow  small.  To  obtain  this  last  result,  a  pipe  may  be  laid 
underground.  As  a  general  thing,  surface  water  from  our  country 
roads  can  be  easily  disposed  of;  but  we  often  find  it  in  the  gutters, 
w'here  it  keeps  the  road-bed  saturated,  and  consequently  causes 
great  injury  to  the  road.  In  the  case  of  a  heavy  gradient,  and 
only  in  such  cases,  water-breaks  are  tised  to  collect  the  water  ?t 
certain  intervals  and  turn  it  into  the  gutters  or  side  ditches. 

*A  "technical  essay"  prepared  by  Mr.  Whitman  in  the  regular  work  of 
"Highways"  in  the  Civil  Engineering  Department  of  the  University  of 
Minnesota. 

fManuscript  received  April  9,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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These  water-breaks  are  broad  and  shallow,  generally  paved, 
and  so  arranged  as  to  carry  water  from  the  middle  to  each  side  of 
the  road.  Althongh  those  points  mentioned  above  may  be  well 
followed  out  in  the  construction  of  a  road,  we  may  still  have  a  very 
wet  road-bed,  and  this  will  have  the  most  damaging  effect  upon 
the  road  covering.  The  only  help,  then,  is  a  perfect  system  of  sub- 
drainage,  which  is  most  essential  to  a  good  road  and  will  prove 
to  be  economical  in  the  end,  even  if  the  cost  of  securing  it  be  large. 

SUB-DRAINAGE. 

The  necessity  of  sub-drainage  and  the  method  to  be  adopted 
will  depend  upon  the  character  of  the  soil  and  upon  whether  or 
not  the  road-bed  has  a  natural  drainage.  As  far  as  possible,  all 
water  should  be  cut  off  before  it  reaches  the  road-bed.  To  accom- 
plish this,  local  conditions  must  be  observed,  the  source  of  supply 
determined,  and  the  nature  of  the  underflow',  if  any  exists,  con- 
sidered. Silicious,  sandy  loam  and  rock  ordinarily  do  not  retain 
water,  and  hence  little  difficulty  is  found  in  securing  a  dry  road- 
bed. A  ditch  on  each  side  of  the  road  will  generally  be  sufficient. 
Clayey  soils  and  softer  marls,  being  retentive  of  water,  somewhat 
difficult  to  compact,  and  very  unstable  under  the  action  of  water 
and  frost,  require  much  more  care. 

The  drainage  of  low  and  naturally  damp  soil  may  be  accom- 
plished by  placing  a  longitudinal  drain  along  each  side  of  the 
road.  If  it  so  happens  that  the  road  lies  along  the  side  of  a  slope 
where  there  is  a  flow  of  sub-surface  water  from  one  side  to  the 
other,  a  single  drain  may  be  placed  on  the  side  of  the  road  from 
which  the  water  comes.  Transverse  drains,  leading  into  the  longi- 
tudinal side  drains,  may  be  adopted  where  the  soil  is  very  retentive 
of  water.  These  transverse  drains  are  placed  not  at  right  angles 
to  the  main  drains,  but  in  the  form  of  an  inverted  V,  with  the  point 
up  hill,  and  with  each  branch  descending  to  one  of  the  side  ditches. 
The  apex  is  not  less  than  18  inches  below  the  surface,  and  the  fall 
of  the  branches  not  less  than  i  in  5  feet.  The  distance  apart  of 
these  drains  w^ill  depend  upon  the  wetness  of  the  soil — 15  feet  for 
wet  soil  and  25  feet  for  drier  and  firmer  soil. 

On  country  roads,  where  an  impervious  surface  is  not  used, 
a  single  longitudinal  drain  under  the  middle  of  the  road  will  give 
good  results,  as  it  serves  to  move  sub-surface  water  and  that  which 
percolates  through  the  road  surface. 

DRAINS. 

The  drain  to  be  used  for  the  sub-soil  of  a  roadway  may  be  an 
open  ditch  or  a  porous  covered  drain.    Open  ditches,  if  any  ditches 
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at  all,  are  generally  used  on  country  roads,  but  these  are  poorly 
made,  and  even  the  best  fall  far  short  of  relieving  the  road  of  its 
wet,  soggy  condition.  Closed  drains  are  more  desirable  and  more 
commonly  used  where  good  sub-drainage  is  desired.  Of  these 
there  are  several  different  types,  namely:  blind,  brush,  stone,  and 
tile  drains.  The  blind  drain  consists  of  a  ditch  filled  with  rounded 
stones  from  3  to  6  inches  in  diameter.  The  top  of  stone  is  covered 
over  with  finer  stones,  straw,  or  brush  before  filling  in  the  earth 
above,  to  prevent  the  earth  from  washing  down  and  choking  the 
drain.  The  cheapest  of  all  drains,  when  the  material  is  at  hand, 
is  probably  the  brush  drain.  Two  logs  are  put  on  the  bottom  of 
the  trench,  one  on  each  side.  Between  these  logs  brush  is  laid 
transversely  and  thoroughly  tramped  into  place.  After  a  height 
of  3  or  4  inches  is  reached,  poles  are  laid  over  the  small  brush, 
and  they  in  turn  are  covered  with  earth.  Charles  W.  Irish,  C.  E., 
Chief  of  Irrigation  Inquiry,  United  States  Department  of  Agri- 
culture, says  that  such  a  drain,  put  in  by  himself  to  drain  a  spring 
under  a  railroad  embankment  of  18  feet  fill,  lasted  for  twenty  years, 
and  showed  no  signs  of  settling.  The  brush  and  timber  seemed 
perfectly  sound  after  the  twenty  years  of  burial. 

Stone  drains  consist  of  rectangular  or  triangular  boxes  formed 
•of  flat  stones  or  bricks  along  the  bottom  of  a  trench,  and  filled 
above  as  in  the  blind  drain,  so  that  water  may  enter  readily. 

Probably  the  tile  drain  is  the  most  convenient  and  gives  the 
best  results.  It  is  constructed  similarly  to  the  stone  drains.  The 
tiles  are  zet  end  to  end  in  the  trench,  and  are  held  in  place  by 
small  stones.  A  collar,  which  encircles  the  joint,  allows  a  large 
opening,  but  prevents  the  entrance  of  material  that  would  choke 
the  drain. 

In  building  drains  of  any  of  these  types,  there  are  four  points 
that  need  special  attention:  First,  outlet;  second,  grade;  third, 
depth,  and,  fourth,  protection  of  outlet.  The  object  being  to  dis- 
pose of  the  water  as  quickly  as  possible,  good,  deep  outlets  must 
be  secured.  It  will  seldom  happen  that  an  outlet  cannot  be  found, 
at  comparatively  short  distances  along  the  line  of  road,  although 
it  may  sometimes  prove  economical  to  find  one  away  from  the 
direct  course.  The  grade  and  the  size  of  drain  will  be  determined 
by  the  character  of  the  soil  and  by  the  probable  amount  of  water 
to  be  carried. 

After  an  outlet  has  been  found,  a  line  of  level  should  be  run 
the  entire  length  of  the  drain.  The  slope  of  a  porous  drain  may 
vary  from  i  in  40  to  i  in  100.  In  case  a  steeper  slope  is  necessary, 
a  foundation  should  be  placed  at  the  bottom  of  the  trencli,  which 
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otherwise  is  liable  to  be  washed  by  the  current  produced.  The 
depth  of  the  ditch  should  be  from  2  to  3  feet,  but  ditches,  like 
drains,  should  be  laid  below  the  frost-line. 

At  the  outlet  some  tuethod  must  be  employed  to  prevent  too 
great  a  washing"  of  the  soil  if  the  outlet  does  not  run  directly  into 
a  stream.  In  the  latter  case  the  drain  should  terminate  after  pass- 
ing through  a  stone  wall,  while  in  the  former  case  the  path  of 
water  may  be  rip-rapped  for  some  distance.  The  end  of  the  drain 
should  have  a  good  screen,  to  prevent  vermin  of  any  kind  from 
entering  to  obstruct  it  in  any  way.  In  the  case  of  tile  drains, 
which  are  liable  to  be  injured  by  frost,  stone,  drain,  or  salt  glazed 
sewer  pipe  may  be  used  at  the  exposed  end. 

CULVERTS STZE CONTROLLING    ELEMENTS. 

Besides  the  several  drains  already  mentioned,  the  culvert  plays 
a  very  important  part  in  the  maintenance  of  highways.  It  is  re- 
quired to  carry  small  streams  under  the  roadway  and  to  carry  away 
the  water  collected  by  the  side  gutters  and  ditches  upon  the  upper 
side  to  that  side  where  the  natural  water-course  lies. 

A  culvert  must  be  large  enough  to  allow  the  maximum 
amount  of  water  to  pass,  and  yet  as  small  as  possible  to  save  cost 
of  construction.  The  area  of  the  water-way  needed  may  be  ap- 
proximately determined  by  observing  the  following  local  condi- 
tions:— 

First. — The  rate  of  rainfall.  The  amount  will  varv  in  different 
localities,  and  dififer  from  year  to  year.  Except  during  heavy 
storms,  the  maximum  rainfall,  as  shown  by  statistics,  is  about  one- 
eighth  inch  per  hour,  equal  to  3,620  cubic  feet  per  acre.  Only 
from  50  to  75  per  cent,  of  this  will  reach  the  culvert  during  the 
hour. 

Second. — The  amount  of  water  to  be  drained  off.  This  will 
be  determined  by  the  character  of  the  soil,  its  degree  of  saturation, 
the  conditions  of  cultivation,  and  amount  of  vegetation. 

Third. — The  rapidity  with  which  it  reaches  the  water-course. 
The  character  of  the  surface,  as  to  whether  it  is  rough  or  smooth, 
steep  or  fiat,  covered  with  vegetation  or  barren,  will  deternune 
this. 

Fourth. — The  character  of  the  bed  of  the  stream.  The  speed 
with  which  the  water  will  reach  the  culvert  will  depend  upon 
whether  or  not  the  water-course  is  unobstructed,  whether  it  is  of 
considerable  inclination,  etc. 

Fifth. — The  size  and  shape  of  area  to  be  drained  and  the  posi- 
tions of  branch  streams.    Although  the  area  of  water-way  depends 
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upon  the  amount  of  territory  to  be  drained,  the  shape  of  area  and 
position  of  branch  streams  are  of  more  importance,  as  they  deter- 
mine whether  all  the  water  will  arrive  at  the  culvert  at  the  same 
time  or  whether  the  lower  part  will  pass  through  before  the  upper 
waters  reach  the  culvert. 

Sixth. — The  form  of  mouth  and  inclination  of  bed  of  culvert. 
The  discharging"  capacity  of  a  culvert  may  be  increased  with  in- 
crease of  inclination  of  bed,  if  the  channel  below  allows  the  water 
to  flow  away  freely.  The  uper  end  should  be  so  arranged  that  the 
water  may  enter  without  decreasing  its  speed. 

Seventh. — Whether  it  is  permissible  to  back  water  up  and 
discharge  under  a  head.  Most  culverts  should  be  constructed 
strongly  enough  to  allow  water  to  dam  up  about  them.  A  culvert 
will  discharge  twice  as  much  under  a  head  of  four  feet  as  under  a 
head  of  one  foot.  Several  formulae,  derived  from  experience,  hav^ 
been  produced  for  determining  the  area  of  water-ways,  but  these 
give  only  very  rough  approximations.  Valuable  data  may  be 
gathered  by  observing  the  existing  openings  on  the  same  stream; 
by  measuring,  at  time  of  high  water,  the  cross-section  of  stream 
at  some  narrow  place;  and  by  determining  the  heights  of  high 
water,  as  shown  by  drift  and  by  the  testimony  of  old  inhabitants. 
The  question  is  merely  whether  the  ordinary  pipe  or  an  arch 
culvert  wall  answer  the  purpose. 

MATERIAL. 

The  materials  used  in  the  construction  of  culverts  are  wood, 
stone,  brick,  vitrified  sewer  pipe,  cement  pipe,  and  iron  pipe. 
Where  the  flow  is  small,  either  class  of  pipes  or  box  culverts  of 
stone  or  wood  are  used.  Wood  should  be  used  as  little  as  possible, 
if  ever,  as  it  is  not  durable.  Any  of  the  different  kinds  of  pipes, 
varying  in  size  from  12  to  24  inches  in  diameter,  are  very  efificient, 
and  can  be  procured  comparatively  cheap  in  most  parts  of  the 
coimtry.  Where  the  flow  is  too  great  for  two  or  three  lines  of 
24-inch  pipe,  a  stone  or  arch  culvert  had  better  be  constructed. 

Arch  culverts  are  placed  where  the  span  is  more  than  5  feet, 
and  if  greater  than  15  feet,  a  bridge  is  recommended. 

IMPORTANT    DETAILS    OF    CONSTRUCTION. 

In  laying  pipe  culverts,  the  following  points  must  be  ob- 
served : — 

First. — The  trench  bottom  must  be  constructed  to  fit  the  lower 
half  of  the  body  of  the  pipe,  and,  as  a  rule,  deep  enough  to  allow 
the  top  surface  of  the  pipe  to  be  at  least  18  inches  below  the  sur- 
face of  the  roadway. 
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Second. — The  pipes  should  be  uniformly  and  firmly  supported, 
and  the  earth  well  tramped  around  them. 

Third. — To  prevent  freezing,  the  pipes  must  have  sufBcient 
fall  to  drain  themselves  and  enough  outlet  below  to  prevent  back- 
water from  reaching  the  pipes. 

Fourth. — Joints  should  be  water-tight  to  prevent  water  from 
getting  through  and  undermining  the  pipes. 

Fifth.— The  ends  should  be  placed  in  masonry  or  timber  bulk- 
heads, although  they  are  very  often  omitted.  These  walls  should 
be  deep  enough  to  lie  below  the  bed  of  the  stream,  and  wide 
enough,  unless  winged  walls  are  extended  up  the  stream,  to  pro- 
tect the  embankment  from  washing. 

In  very  small  streams  this  wall  will  not  be  needed.  Where  it 
is  necessary  to  save  in  construction,  posts  may  be  set  in  the  ground 
and  planks  spiked  to  them.  This  is  an  imperfect  substitute  for 
brick  or  stone,  but  is  much  better  than  nothing. 

These  walls  should  always  fit  tightly  around  the  end  of  the 
pipes  to  prevent  water  from  entering  at  the  sides.  The  water-way 
may  be  rip-rapped  above  and  below  the  culvert,  to  prevent 
washing. 

The  simplest  form  of  stone  culvert  consists  of  side  walls  of 
rubble-stone  work  laid  dry  or  in  mortar,  depending  upon  the  char- 
acter of  the  stream,  and  a  covering  of  large  flagstones.  This  is 
a  very  economical  structure  where  such  stones  are  found.  Atten- 
tion must  be  given,  as  in  the  pipe  culverts,  to  the  end  walls  and 
paving  of  the  water-way.  The  side  walls  should  extend  down  to 
a  good  foundation.  The  thickness  of  the  walls  depends  upon  the 
pressure  to  come  upon  them,  but  is  generally  from  one-half  to 
three-fourths  of  the  height. 

The  arch  culverts  are  the  most  diliticult  and  expensive  to  con- 
struct. They  are  made  of  stone,  brick,  or  cement,  and  in  various 
forms  and  sizes.  On  account  of  the  cost  they  are  seldom  em- 
ployed in  the  construction  of  country  roads,  but  in  their  stead  the 
small  wooden  bridge  is  employed,  and  is  a  comparatively  cheap 
structure. 

COST. 

As  regards  the  cost  of  building  the  different  kinds  of  drains  or 
culverts,  it  is  difBcult  to  give  definite  figures,  as  the  prices  of  labor 
and  material  differ  so  much  in  different  localities  and  at  different 
times.  Any  form  of  either,  however,  can  be  built  comparatively 
cheap,  and,  if  the  best  form  be  employed  for  existing  conditions, 
it  will  always  prove  to  be  a  paying  investment. 
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A  NATIONAL  BOILER  INSPECTION  LAAV. 


By  E.  D.  ]\Ieier,  iMember  of  the  Engineers'  Club  of  St.  Louis. 

[Read  before  the  Club,  April  21,  1897.*] 

I  believe  that  before  a  body  of  intelligent  engineers  no  ex- 
planation or  apology  is  necessary  for  desiring  a  national  boiler 
inspection  law.  Those  whose  profession  fits  them  to  understand, 
and  whose  daily  experience  teaches  them  to  appreciate,  the  inti- 
mate connection  of  steam  engineering,  in  its  many  branches,  with 
the  rapid  development  of  every  art  and  trade  useful  to  the  mass  of 
mankind,  will  agree  with  me  that  the  steam  boiler,  where  the  heat 
energy  of  fuel  is  stored  in  a  form  ready  for  instant  translation  into 
mechanical  work,  deserves  more  careful  attention  than  it  has 
heretofore  received.  In  some,  though  not  all  of  our  large  cities, 
special  police  regulations  are  made  to  govern,  to  some  extent  at 
least,  the  proper  choice  of  materials,  correct  dimensions  and  good 
workmanship  for  steam  boilers.  And  yet  we  all  know  that  these 
regulations  are  crude  and  often  faulty  in  the  most  important  par- 
ticulars. Probably  the  best  of  these  laws  is  that  enacted  by  the 
city  of  Philadelphia  in  1864,  and  since  then  amended  and  approved 
at  five  subsequent  sessions  of  the  City  Legislature.  Besides  being 
a  good  law,  it  has  had  the  advantage  of  being  interpreted  by  a 
chief  inspector  who  stands  in  the  front  rank  among  those  profes- 
sional or  technical  public  servants  to  whom  our  municipalities  can 
never  be  quite  thankful  enough  for  the  honest  patience  and  skill 
with  which  they  prevent  or  forstall  the  disasters  which  would 
surely  overtake  us  if  the  average  politicians  could  have  their  way. 
This  Philadelphia  law  was,  in  the  main,  evolved  by  a  committee 
drawn  from  the  ranks  of  manufacturers,  engineers  and  professional 
boiler  inspectors.  The  city  of  Boston  is  without  a  boiler  inspec- 
tion department  or  boiler  inspection  law.  But  such  a  law  has  been 
recently  enacted  and  is  now  in  operation  in  the  state  of  ]\Iassa- 
chusetts.  New  York  City  has  an  inspection  department  attached 
to  its  police  force.  The  inspections  are  entirely  perfunctory,  and 
follow,  in  a  crude  way,  the  provisions  of  the  U.  S.  Marine  In- 
spection Law.  The  city  of  St.  Louis  has  a  fairly  good  ordinance, 
which  has  generally  been  conscientiously  administered  by  good, 
practical,  steam  engineers.  It  also  follows  the  lines  of  the  U.  S. 
Marine  Inspection  Law.     The  same  is  true  of  Allegheny  county, 
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which  inchides  the  city  of  Pittsburgh  and  the  adjacent  manufactur- 
ing towns.  Attempts  have  been  made  in  the  State  Legislatures 
of  Penns\'lvania,  Missouri,  and  Minnesota  to  pass  a  State  law  on 
the  subject,  but  they  have  failed  on  account  of  the  opposition  of 
the  manufacturers  or  users  of  agricultural  machinery  or  of  small 
oil  and  gas  well  boilers. 

When  we  realize  the  immense  number  of  steam  plants,  and  the 
cupidity,  misdirected  by  ignorance,  which  characterizes  the  in- 
stallation and  maintenance  of  so  many  of  them,  we  may  well  won- 
der that  disasters  are  not  more  frecjuent.  There  are  three  factors 
which  have  acted  as  safe-guards  in  the  absence  of  laws  on  the  sub- 
ject. One  is  the  intelligence  and  adaptability  of  the  average  steam 
engineer  or  engine  runner.  The  other  has  been  the  intelligent 
self-interest  of  boiler  inspection  and  insurance  companies,  first 
among  them  the  Hartford  Steam  Boiler  Inspection  Company, 
which  has  gradually  succeeded  in  establishing  some  sound,  un- 
written laws  on  the  subject  of  boiler  building  and  boiler  manage- 
ment, and  has  spread  much  useful  information  by  means  of  pam- 
phlets and  essays  in  trade  papers.  The  third  has  been  an  honest 
pride  in  turning  out  safe  work  from  their  shops  which  has  actuated 
most  boiler  manufacturers  of  the  country,  and  which  even  ruinous 
competition  in  price  has  not  been  entirely  able  to  obliterate.  In 
this  line  also  the  American  Boiler  Manufacturers'  Association  has 
done  much  good  work  in  recommending  good  and  condemning 
bad  materials  and  workmanship. 

But  with  all  these  w'orking  in  favor  of  good  practice,  it  does 
seem  that,  for  a  nation,  which,  if  not  now,  is  sure  to  become  the 
greatest  manufacturing  nation  of  the  world,  we  have  done  ill  to  so 
neglect  the  regulation  and  safety  of  our  prime  motor.  The  only 
national  legislation  on  the  subject  is  that  contained  in  the  law's 
governing  the  Steamboat  Inspection  Service,  and,  with  a  few 
general  provisions  as  to  materials,  these  laws  leave  everything  to 
the  boiler  inspectors,  who  "shall  satisfy  themselves  that  the  boilers 
are  well  made  of  good  and  suitable  material,  and  may  be  safely 
employed  without  peril  to  life." 

England,  France,  Germany  and  .Belgium  all  have  an  elaborate 
and  carefully  considered  body  of  laws  on  the  subject.  There  is 
nnich  in  these  laws  which  we  may  judiciously  follow  and  much 
which  we  should  as  judiciously  reject. 

It  does  seem  as  though  a  matter  of  such  vital  and  far-reaching 
importance  should  be  settled  by  the  best  talent  and  experience  ob- 
tainable in  the  country,  and  that  laws  governing  the  construction 
and  use  of  steam  boilers  should  have  a  national  scope.     Whatever 
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may  be  our  theories  and  our  practical  judgment  in  regard  to  the 
question  of  protection  or  free  trade,  when  appHed  to  foreign  coun- 
tries, we  are  (with  the  exception  of  a  small  coterie  of  local  poli- 
cians)  all  agreed  as  to  the  advisability  of  a  perfectly  free  and  un- 
trammeled  trade  among  the  various  States  of  the  Union.  Our 
magnificent  system  of  railroads  has  made  it  possible  for  American 
manufacturers  to  compete  for  machinery  of  all  kinds  all  over  the 
country;  it  is  but  just  that  they  and  their  customers  should  be  free 
to  sell  and  buy  without  any  restriction  except  such  as  an  en- 
lightened care  for  the  safety  of  life  and  property  must  dictate.  The 
doctrine  of  State  rights  should  not  be  invoked  to  prevent  salutary 
legislation  in  regard  to  such  matters. 

I  will  not  enter  into  the  legal  or  constitutional  difficulties  in 
the  framing  of  a  law  which  shall  accomplish  this  end.  Once  the 
desirability  and  necessity  of  such  a  law  is  understood,  there  are 
constitutional  lawyers  enough  in  Congress  to  frame  its  provisions 
in  such  a  way  that  it  shall  not  do  violence  to  any  article  of  the 
Constitution.  There  is  at  present  a  bill  pending  in  the  Senate  to 
"establish  the  Department  of  Commerce  and  Industries."  It  is 
intended  to  transfer  to  this  department  those  functions  of  the 
Treasury  Department  which  do  not  rightfully  belong  to  it.  Many 
of  these  were  added  to  the  duties  of  the  Treasury  Department  at  a 
time  when  they  were  small,  and  no  one  anticipated  their  rapid 
growth.  They  have  now  become  of  vast  importance,  and  need  the 
fostering  care  of  a  department  in  which  they  are  not  merely  recog- 
nized, but  whose  principal  business,  in  fact  whose  reason  for  exist- 
ence they  constitute.  To  this  department  would  naturally  be 
confided  all  regulations  bearing  on  the  safety  of  the  machinery  of 
commerce  and  of  manufactures,  and  hence  Section  4  provides  that 
the  Life  Saving  Service,  the  Light  House  Board,  the  Bureau  of 
Navigation,  the  Bureau  of  Steamboat  Inspection,  etc.,  shall  belong 
to  this  department.  This  Bureau  of  Steamboat  Inspection  Ser- 
vice has  charge  of  the  boiler  inspection  and  regulation  on  all 
navigable  waters  of  the  United  States.  Our  great  manufacturing 
cities,  naturally  situated  on  the  principal  waterways,  as  soon  as 
they  found  the  need  of  regulation  of  steam  boilers,  turned  to  the 
rules  of  this  Bureau  for  guidance.  It  was  unavoidable  that  many 
provisions  which  modern  science  and  modern  practice  has  ren- 
dered obsolete,  or  shown  to  be  erroneous,  should  still  be  found  in 
the  rules  of  the  Bureau  and  be  transferred  to  the  ordinances  of 
these  cities.  When  we  examine  the  meagre  provisions  of  the  law 
establishing  and  governing  this  Bureau,  we  are  forced  to  admit 
that  it  has  accomplished  much,  and  to  congratulate  it  upon  the  few 
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mistakes  it  has  made.  If  it  has  not  kept  pace  with  the  progress  of 
manufacture  and  of  steam  engineering  in  this  country,  it  is  because 
its  opportunities  have  been  hmited  by  causes  which  it  had  no 
power  to  control.  In  regard  to  the  matters  confided  to  its  charge 
it  has  a  large  experience  and  a  valuable  body  of  statistics.  This 
Bureau  should  have  been  enlarged,  and  its  power  and  possibilities 
much  extended.  It  has  to  deal  with  many  matters  besides  boilers. 
Out  of  thirteen  subjects  as  given  in  the  general  rules  and  regula- 
tions of  January,  1896,  only  two  refer  to  boilers  and  boiler-plate. 
For  the  whole  United  States  there  are  only  ten  districts,  each  in 
charge  of  a  Supervising  Inspector,  who  numbers  among  his  as- 
sistants from  one  to  ten  boiler  inspectors.  The  board  of  ten  Su- 
pervising Inspectors  meets  but  once  a  year  for  a  few  weeks  at 
Washington,  D.  C,  and  the  time  is  too  short  to  undertake  a  gen- 
eral review  and  improvement  of  the  rules  applying  to  boilers.  And 
vet  these  rules  are  in  many  ways  in  advance  of  the  regulations  of 
foreign  countries.  Thus,  for  instance,  neither  the  German  nor  the 
Belgian  law  contains  any  provision  in  regard  to  the  quality  of  the 
steel  or  iron  entering  into  the  construction  of  a  boiler,  but  this 
United  States  Board  of  Supervising  Inspectors  has  gone  into  the 
matter  at  some  detail,  and  gives  very  intelligent  rules  in  regard  to 
the  qualities  desirable  or  necessary  and  the  tests  for  determining 
them.  And  these  rules  have  no  warrant  in  the  letter  of  the  law 
establishing  this  bureau,  but  are  based  entirely  on  its  spirit,  and 
promulgated  in  the  confident  hope  that  they  will  not  be  called  in 
question.  And  such  is  the  respect  in  which  this  board  is  held  by 
manufacturers  and  builders  all  over  the  United  States,  that  these 
rules  are  complied  with  without  question.  This  general  acqui- 
escence is  based  on  a  knowledge  of  the  usefulness  as  well  as  of 
the  conservatism  of  this  board. 

Some  years  ago  I  had  occasion  to  look  up  the  statistics  of 
boiler  explosions,  and  will  here  quote  some  of  them.  The  num- 
ber of  boiler  explosions  in  the  United  States  varies  now  between 
200  and  300  per  annum.  During  the  fourteen  years  ending  in 
1892  there  were  in  the  United  States  2,685  explosions,  resulting  in 
3,684  deaths  and  5,185  injuries.  This  means  that  every  explosion 
kills  1.37  persons  and  injures  1.93,  making  a  total  of  3.3  persons. 
Taking  the  average  value  of  a  life  as  established  by  our  courts  as 
$5,000,  and  averaging  the  injuries  the  same,  this  shows  that  every 
explosion  causes  a  loss  of  at  least  $16,000  to  the  community,  or 
that  boiler  explosions  every  year  cause  a  loss  of  between  three 
and  five  million  dollars.  As  might  be  expected,  most  of  these 
occur  in  the  rural  districts,  where  there  is  no  inspection,  and  where 
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the  moral  influence  of  the  Hcensing  of  engineers  and  inspection  of 
boilers  on  the  navigable  waters  and  in  the  large  cities  is  but  little 
felt.  Take  the  year  1892,  as  an  example.  There  were  269  ex- 
plosions, with  a  record  of  298  killed  and  442  injured.  Out  of 
these  only  11  explosions,  or  a  trifle  over  4  per  cent.,  occurred  on 
steamships  or  steamboats;  140,  or  somewhat  over  52  per  cent., 
were  in  saw  mills,  mines,  and  other  industrial  establishments  re- 
mote from  large  cities.  This  leaves  only  44  per  cent,  for  the  very 
much  larger  number  of  boilers  found  in  the  large  cities,  and  in- 
cluding that  vast  number  of  locomotives  constantly  in  use  on.  the 
railways  of  the  country.  This  proves  that  intelligent  inspection 
and  supervision  can  and  will  reduce  losses  from  this  source  to  a 
minimum.  Whoever  reads  the  details  of  the  enormous  boiler 
explosion  in  the  colliery  at  Shamokin,  Pa.,  cannot  fail  to  see  that  a 
State  inspection  law,  honestly  carried  out,  would  have  prevented 
it  entirely. 

The  records  of  the  United  States  Steamboat  Inspection  Ser- 
vice bear  out  this  view  in  a  marked  degree.  The  following  table 
ofives  the  data  for  three  decades: — 


Lives  Lost 

Total  No. 

of 

Steamers 

No.  of  Travelers 

Decade. 

p.  a. 

Steamers 

P- 

life  lost  p.  a. 

p.  life  lost  p.  a. 

Ending   1868 

721 

1,687 

2.34 

138,700 

1878 

365 

3,645 

10.00 

821,600 

1888 

213 

5.344 

25.00 

2,347,400 

We  see,  therefore,  that  in  the  second  decade  traveling  had  be- 
come six  times  as  safe,  and  in  the  third  decade  seventeen  times  as 
safe  as  it  was  during  the  first. 

In  January,  1892,  Senator  F-rye  introduced  a  bill  to  improve 
this  steamboat  inspection  service  so  far  as  it  referred  to  boilers, 
mainly  on  the  basis  of  recommendations  made  by  United  States 
delegates  to  the  International  ^Marine  Conference.  This  was  de- 
feated chiefly  by  the  active  opposition  of  American  boiler  manu- 
facturers and  by  the  friends  of  the  present  steamboat  inspection 
service,  and  this  was  for  sound  reasons.  Many  of  the  new  rules 
proposed  were  based  on  European  practice,  and  did  not  recognize 
the  unquestioned  superiority  of  American  materials,  nor  improved 
methods  of  manufacture  adopted  by  the  best  American  shops. 
The  mistake  made  in  this  instance  was  that  the  move  was  under- 
taken without  gaining  or  asking  the  co-operation  of  those  most 
vitally  interested.  At  the  same  time  the  methods  of  the  opposi- 
tion showed  plainly  that  such  co-operation  can  be  obtained  and 
an  American  law  framed,  l)ased  on  American  conditions  which 
will  command  the  respect  and  cheerful  obedience  of  those  most 
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directly  interested.  On  such  lines  the  matter  may  be  and  should 
be  again  taken  up. 

The  interest  in  the  establishment  of  a  department  of  com- 
merce and  industries  with  a  cabinet  officer  at  its  head  is  so  general, 
so  great  and  growing,  that  we  may  reasonably  expect  the  Senate 
l)ill  to  pass  during  this  session.  As  soon  as  that  is  accomplished 
a  remodeling  and  enlargement  of  the  various  bureaus  assigned  to 
this  department  will  be  in  order.  A  bill  similar  to  the  Frye  bill  of 
1892,  drawn  after  full  consultation  with  the  head  of  the  present 
Steamboat  Inspection  Service  and  with  such  organizations  as  the 
American  Boiler  Manufacturers'  Association,  the  Association  of 
Marine  Boiler  Manufacturers,  etc.,  can  readily  be  passed.  This 
bureau  should  then  have,  at  headquarters  in  Washington,  a  perma- 
nent committee  of  scientific  and  practical  engineers  charged  with 
the  duty  of  investigating  and  following  the  advances  in  steam  en- 
gineering, and  especially  in  boiler  materials  and  boiler  manufac- 
ture, so  as  to  present  each  year  a  well-digested  review  of  this  pro- 
gress, and  on  this  basis  to  recommend  such  additions  to  or  amend- 
ments of  existing  rules  as  will  hold  marine  boiler  work  on  a  level 
with  the  best  practice  of  the  country. 

A  bureau  which  has  done  such  good  and  faithful  work  imder 
entirely  inadequate  provisions  for  its  maintenance  deserves  the 
encouragement  which  such  a  law  would  give,  and  under  the  same 
it  would  soon  brush  away  many  unfit  survivals  of  earlier  practice. 
The  step  made  in  1896,  in  Rule  i,  as  to  requirements  for  boiler- 
plate, is  a  decided  step  in  advance.  Not  only  is  the  new  test  sec- 
tion a  great  improvement  on  the  former  one,  and  substantially  in 
agreement  with  the  testing  practice  of  leading  engineers  of  the 
country,  but  the  introduction  into  the  rules  of  chemical  require- 
ments in  regard  to  minimum  percentages  of  phosjihorus  and  sul- 
phur is  of  inestimable  value. 

I  had  occasion  to  point  out  to  the  Board  of  ^Supervising  In- 
spectors certain  discrepancies  in  their  rules  and  actual  departures 
from  the  section  of  the  law  under  which  alone  these  rules  have  any 
legal  force.  The  two  sections  of  the  present  law  are  as  follows, 
both  being  found  under  Title  52,  Revised  Statutes  of  the  United 
States: — 

"Section  4433.  The  working  steam-pressure  allowable  on 
boilers  constructed  of  plates  inspected  as  required  by  this  title, 
when  single-riveted,  shall  not  produce  a  strain  to  exceed  one-sixth 
of  the  tensile  strength  of  the  iron  or  steel  plates  of  which  such 
boilers  are  constructed;   but  where  the   longitudinal   la]:is   of  the 
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cylindrical  parts  of  such  boilers  are  double-riveted,  and  the  rivet- 
holes  for  such  boilers  have  been  fairly  drilled  instead  of  punched, 
an  addition  of  20  per  centum  to  the  working  pressure  provided 
for  single-riveting  may  be  allowed;  Provided,  That  all  other  parts 
of  such  boilers  shall  correspond  in  strength  to  the  additional  al- 
lowances so  made,  and  no  split-caulking  shall  in  any  case  be  per- 
mitted." 

"Section  4462.  The  .Secretary  of  the  Treasury  shall  make 
such  regulations  as  may  be  necessary  to  secure  the  proper  execu- 
tion of  this  title." 

Section  4433  distinctly  requires  a  factor  of  safety  of  6  on 
single-riveted  boilers  and  one  of  5  on  boilers  with  longitudinal 
laps  double-riveted  with  drilled  holes.  There  is  no  warrant  for 
construing  this  section  otherwise  than  to  apply  to  the  net  section 
of  metal  anywhere  in  the  boiler.  Yet  the  practice  has  grown  up, 
and  the  rules  permit  it,  that  this  stress  is  figured  on  the  full  metal 
in  those  parts  of  the  shell  where  there  are  no  rivet-holes,  and  not 
as  it  should  be  on  the  net  metal  left  standing  between  the  rivet- 
holes. 

Xow  bear  in  mind  that  we  cannot  expect  rivets  to  stand  more 
than  40,000  pounds  shear,  as  against  60,000  pounds  tension  in  the 
net  metal,  and  that  it  is  practically  impossible  to  make  a  double- 
riveted  seam  in  which  the  net  metal  shall  have  a  greater  value  than 
70,  or  at  most  y2  per  cent  of  the  full  metal  of  the  sheet.  Prac- 
ticallv  speaking,  therefore,  the  rules  and  practices  of  the  inspec- 
tion bureau  have  reduced  this  factor  of  safety  in  the  net  metal 
from  the  legal  limit  of  5  to  only  3^.  When  engineers  draw 
specifications  for  land  boilers  they  never  allow  a  factor  of  safety 
of  less  than  5.  The  fact  that  marine  boilers  are  run  with  safety 
with  a  factor  of  only  3^  can  be  accounted  for  only  by  the  fre- 
cjuent  and  careful  inspections  made  by  this  steamboat  service,  and 
the  promptness  with  which  the  inspectors  reduce  the  pressure 
allowed  on  boilers  as  soon  as  the  slightest  corrosion  becomes 
apjmrent  to  their  practiced  eye.  And  it  is  a  well-known  fact 
that  steamboat  boilers  are  tlirown  out  after  comparatively  few 
years  of  service,  and  always  blow  up  after  they  have  been  placed 
in  saw  mills,  etc.,  in  the  interior,  where  there  is  no  inspection. 
The  reason  for  this  departure  from  the  law  in  the  established 
rules  is  probably  to  be  found  in  the  fact  that  on  the  Missis- 
sippi river  and  its  tributaries  the  muddy  water  and  scale  makes  a 
thickness  of  metal  of  more  tlian  0.3  inches  unsafe,  and  the  larger 
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boilers  of  the  lakes  and  eastern  rivers  and  sounds  are  internally 
fired,  so  that  deterioration  of  the  structures  results  only  from  in- 
ternal corrosion,  which  can  be  largely  prevented  by  careful  super- 
vision. 

I  noted,  however,  some  curious  inconsistencies  in  the  rules  in 
relation  to  bumped  heads  and  stay-bolts.  The  rule  for  the  thickness 
of  metal  in  bumped  heads  has  been  arbitrarily  framed  by  intro- 
ducing as  the  divisor  six-tenths  of  the  radius  of  curvature,  instead 
of  five-tenths,  which  is  mathematically  correct.  In  this  way,  in- 
stead of  a  factor  of  safety  of  6,  a  factor  of  y.i  is  exacted.  I  have 
been  unable  to  find  any  reason  for  a  factor  of  safety  in  the  solid 
plate,  unpunctured  by  rivet-holes,  somewhat  over  twice  as  great 
as  that  exacted  in  the  riveted  lap-joint. 

In  regard  to  stay-bolts,  the  rules  take  into  consideration  the 
tensile  stress  to  which  the  stay-bolt  is  subjected.  As  most  stay- 
bolts  fail  under  test  by  shearing  of  the  threads,  and  as  this  is  again 
induced  by  the  buckling  of  the  plates,  thus  drawing  the  threads  of 
stay-bolt  and  plate  out  of  mesh,  it  is  certainly  incongruous  that 
neither  this  shearing  nor  this  buckling  should  be  recognized  in  the 
rules,  nor  is  the  quality  of  the  material  in  the  stay-bolt  given  any 
consideration.  Therefore,  a  manufacturer  is  at  liberty  to  use  an 
inferior  metal  in  his  stay-bolts,  to  make  the  plates  stayed  thinner 
than  they  should  be,  and  yet  pass  inspection,  provided  only  that 
the  stress  on  the  net  section  of  his  stay-bolt  does  not  exceed  6,000 
pounds,  if  made  of  iron,  or  7,000  pounds,  if  made  of  steel.  As 
threads  on  steel  stay-bolts  will  not  stand  as  much  shear  as  those 
of  good  ductile  iron,  here  is  another  incongruity.  Such  discrep- 
ancies and  erroneous  provisions  can  be  successfully  attacked  be- 
fore a  conmiittee  composed  of  technical  experts.  But  a  large 
body  of  supervising  inspectors,  who  have  a  multitude  of  duties, 
altogether  apart  from  the  questions  of  boiler  construction,  cannot 
be  expected  to  do  them  justice  in  a  short  session,  unless  the  details 
have  been  gone  over  by  a  responsible  technical  committee  and 
the  main  facts  submitted  to  the  board  for  its  judgment  and  final 
action. 

Having  freely  criticised  such  faults  as  I  have  found,  it  is  clear 
that  I  do  not  contend  that  this  board  of  inspectors  is  an  infallible 
resort.  But  its  members  have  generally  been  men  of  long  service 
in  connection  with  marine  machinery,  and  they  have  therefore,  as 
a  rule,  a  trained  judgment  which  will  enable  them  to  weigh  justly 
such  recommendations  as  the  technical  committee  may  make. 
Manufacturers  or  purchasers  of  machinery  would  have  to  svtbmit 
intended  improvements  to  the  criticism  of  the  technical  commit- 
23 
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tee  and  the  supervising-  inspector  general  would  get  the  final  ad- 
vice of  the  board  before  embodying  such  changes  into  rules  which 
have  the  force  of  law.  Thus  assisted  and  reinforced,  this  board 
would  meet  the  higher  and  larger  requirements  which  the  con- 
stant improvement  and  expansion  in  steam  engineering  naturally 
imposes  u]ion  it,  and  while  providing  for  constantly-increasing 
safety  on  all  steam  craft,  it  would  not  stand  in  the  w'ay  of  any  real 
improvement. 

Just  how  land  boilers  might  be  made  subject  to  the  same 
rules  is  a  matter  for  the  legislator.  Experience  has  shown  that 
the  only  governmental  inspection  Inireau  in  the  country,  crude  as 
many  of  its  provisions  necessarily  are,  has  so  commanded  the  re- 
spect of  those  conmiunities  where  its  beneficent  effects  became 
known,  that  they  readily  adopted  its  provisions  in  local  ordinances. 
With  the  growth  of  national  sentiment  everywhere  apparent,  and 
with  the  growing  and  imperative  demands  of  our  vast  internal 
commerce,  some  way  will  be  found.  As  modern  life  becomes 
more  complex,  and  as  many  citizens  are  compelled  to  use  and  be 
subject  to  the  dangers  which  modern  machinery  carries  with  it, 
the  necessity  of  national  police  regvdations  in  regard  to  boilers, 
etc.,  becomes  more  imperative.  Engineers  have  been  and  will 
continue  to  work  in  the  direction  of  more  uniformity  in  specifica- 
ti(.)ns  for  boilers.  As  the  subject  becomes  more  complex,  we  can- 
not expect  of  our  consulting  engineer  that  he  be  familiar  with  all 
the  details  of  materials  and  workmanship  involved.  We  are  all 
compelled  to  become  specialists  in  one  way  or  another,  and  there- 
fore to  depend  on  other  specialists.  When  these  matters  can  be 
and,  in  fact,  must  be  referred  to  a  board  with  the  power  to  act,  and 
which  can  get  the  advice  of  the  best  specialists  all  over  the  coun- 
try, w'e  will  have  a  basis  for  uniformity,  which  engineers  must  wel- 
come. All  work  done  by  steel  associations,  boiler  associations, 
and  engineering  societies  in  this  direction  has  necessarily  been 
simply  educational.  With  the  main  facts  readily  accessible  to 
those  who  want  to  or  ought  to  know,  what  should  be  allowed  to 
hinder  the  public  conscience  from  getting  itself  enacted  to  a 
national  boiler  law. 

An  existing  bureau  whose  work,  though  at  present  confined 
to  navigable  waters  only,  is  necessarily  coextensive  with  the  entire 
L'nion,  gives  better  promise  of  a  successful  solution  of  the  matter 
as  applied  to  land  boilers  than  the  creation  of  a  new  bureau  from 
the  ground  up.  And  this,  in  my  ojiinion,  is  the  direction  in  whicli 
all  who  believe  in  a  national  boiler  inspection  law  should  work  if 
they  desire  an  early  and  complete  accomplishment  of  the  end. 
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MOLE    ANTONELLIANA. 


An  Example  of  Light  Construction  in  Brickwork. 


By  G.  W.  Percy,  Member  of  the  Technical  Society  of  the  Pacific 

Coast. 


[Read  before  the  Society,  February  5,  1897.*] 

The  city  of  Turin,  Italy,  possesses  a  structure  which  is  with- 
out doubt  the  loftiest  building  in  Europe  and  the  most  venture- 
some piece  of  construction  in  the  world. 

This  is  the  "Mole  Antonelliana,"  so  called  by  general  consent 
in  honor  of  the  venerable  and  skillful  architect  who  conceived  the 
project  and  personally  superintended  every  part  of  the  construc- 
tion, with  the  greatest  care  and  watchfulness. 

The  peculiarity  of  this  remarkable  work  consists,  principally, 
in  its  light  skeleton  construction  with  common  bricks  and  lime 
mortar,f  whereby  a  small  quantity  of  material,  and  that  of  the  most 
common  kind,  is  employed  to  enclose  a  large  building  and  carry 
it,  with  safety  and  stability,  to  the  unprecedented  height  of  538  feet 
above  the  ground. 

*  Manuscript  received  March  22,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 

t  The  bricks  used  throughout  this  building  are  the  common  bricks  of 
Northern  Italy,  measuring  2j^"x454"x9^"  with  a  crushing  strength  of 
about  100  tons  to  the  square  foot.  The  mortar  is  made  from  lime  slaked 
and  buried  in  pits  for  a  year  or  more,  and  used  with  a  proper  admixture  of 
sharp  sand;  no  cement  whatever  is  used  in  the  work.  The  actual  load  on 
most  of  the  supporting  members  is  about  15  tons  per  square  foot,  which 
must  be  largely  increased  at  times  by  wind  pressure. 

24 
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The  method  of  construction,  and  the  novel  application  of 
brick  masonry  in  structural  forms  adapted  to  metal  or  fibrous 
material,  make  this  building  a  unique  structure  in  dififering  radi- 
cally from  all  former  monuments  of  masonr}^ 

A  brief  history  of  the  origin,  progress  and  changing  uses  of 
the  building  is  as  follows: 

In  1862  the  Israelitish  University  Society  of  Turin,  in  view 
of  that  city  being  the  capital  of  United  Italy,  determined  upon 
building  an  imposing  structure  which  should  serve  at  once  as  a 
grand  synagogue,  college  and  administration  building. 

A  competition  was  instituted  during  that  year  among  the 
architects  of  Italy  to  produce  plans  of  a  building  that  should  satisfy 
their  various  requirements. 

Many  plans  were  submitted,  but  none  were  considered  satis- 
factory for  the  purpose,  and  after  much  discussion  Professor  An- 
tonelli,  of  Novara  (a  master  of  architecture  and  engineering,  who 
was  then  over  sixty-five  years  of  age,  and  who  had  erected  the 
lofty  and  notable  dome  over  the  cathedral  at  Novara),  was  em- 
ployed in  1864  to  plan  and  construct  such  a  building  as  they  re- 
quired. 

Under  his  advice  and  management  the  present  structure  was 
commenced  and  carried  by  the  Jewish  Society  to  a  height  of  240 
feet  from  the  ground,  or  about  three-quarters  of  the  height  of  the 
great  square  dome. 

The  plan  as  devised  for  the  society  consisted  of  a  building  130 
feet  square,  with  a  projection  18  feet  by  36  feet  on  each  flank, 
containing  stairways  to  all  the  main  floors,  and  a  front  portico,  16 
feet  by  90  feet,  with  steps  to  the  principal  floor. 

A  lofty  basement  all  above  ground  was  divided  into  two 
stories  to  accommodate  the  college  and  administrative  depart- 
ment, while  the  grand  synagogue  was  above. 

This  consisted  of  a  clear  lofty  room,  about  90  feet  square, 
surrounded  with  columns — six  on  each  side  (counting  corner  col- 
umns each  time);  outside  of  these  columns  are  the  walls,  distant 
about  15  feet,  thus  making  an  aisle  or  ambulatory  all  around. 
Above  this  ambulatory,  at  a  height  of  17  feet  6  inches,  is  a  gallery 
designed  for  women  (now  changed  to  a  grand  loggia). 

At  a  still  greater  height,  just  above  the  first  offset,  was  de- 
signed a  beautiful  exterior  gallery  extending  all  around  the  base 
of  the  dome,  with  a  colonnade  of  graceful  granite  columns. 

As  will  appear  later  in  this  paper,  the  omission  of  this  granite 
colonnade  on  economical  grounds  greatly  added  to  the  difficulties 
of  construction  of  the  dome. 
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There  were  also  three  interior  galleries,  the  highest  being  80 
feet  above  the  floor  of  the  synagogue. 

The  dome  itself  was  originally  designed  to  be  surmounted  by 
a  cupola  about  100  feet  in  height,  divided  into  three  stories,  as 
shown  in  Plate  i,  taken  from  the  American  Architect  and  Building 
Nezvs. 

As  before  stated,  the  building  was  commenced  in  1864,  and 
proceeded  rapidly  to  the  height  indicated  at  X,  Fig.  i.  Before  the 
base  of  the  dome  was  reached  the  need  of  retrenchment  in  cost  was 
apparent,  and  the  architect  was  directed  to  omit  the  granite  colon- 
nade forming  the  exterior  gallery  below  the  springing  of  the  dome. 
Notwithstanding  this  was  designed  to  produce  equilibrium  on  the 
arches  below,  Antonelli  ingeniously  overcame  the  difficulty  and 
proceeded  with  the  work. 

When,  in  1869,  the  structure  had  reached  the  height  shown 
in  Fig.  I,  the  funds  being  exhausted  and  the  Jews  frightened  at 
the  greatness  and  unusual  boldnesss  of  the  project,  together  with 
the  discouraging  fact  that  Rome  and  not  Turin  was  to  be  the 
capital  of  Italy,  work  was  abandoned,  and  the  unfinished  and  un- 
protected structure  was  left  exposed  both  outside  and  inside  to 
the  elements. 

No  sooner  had  the  work  ceased  than  reports  were  spread  that 
the  structure  was  defective  and  would  soon  crumble  to  dust. 

The  Municipality,  which  at  the  beginning"  had  accorded  a  sub- 
sidy to  the  Jews  toward  its  erection  in  proportion  to  that  granted 
the  Roman  churches  now  called  a  council  of  men,  expert  in  art 
and  science,  to  deliberate  on  the  subject. 

These,  after  carefully  examining  the  work,  reported  in  writing, 
in  March,  1871,  that  the  building  was  safe  and  sound,  and  needed 
only  a  "hat  and  shirt"  to  protect  it  from  wind  and  rain;  that  it 
needed  the  termination  and  covering  of  the  dome  and  the  adorn- 
ment of  the  drum  with  an  exterior  gallery,  since  "without  that 
the  edifice  would  appear  a  disproportionate  heap  and  an  intol- 
erably ugly  deformity." 

The  cost  up  to  this  time  had  been  about  $120,000,  and  the 
architect  estimated  that  $12,000  more  would  finish  it  as  designed. 

For  some  months  nothing  was  done.  The  destruction  of  the 
cupola  was  suggested,  but  protested  against.  In  1872  the  presi- 
dent of  the  Jewish  Society  proposed  ceding  it  to  the  city,  but  a  few 
days  after  the  Jews  held  a  meeting,  at  which  they  resolved  on  the 
finishing  of  the  temple,  provided  the  cupola  was  demolished. 
This  the  Municipality  refused  to  permit,  and  after  prolonged  dis- 
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cussion  the  building;  was  allowed  to  remain  as  it  was  for  several 
years. 

In  1877  the  Jews  sold  the  building  to  the  city  of  Turin  for 
$30,000 — one-quarter  of  its  cost — to  be  converted  into  a  museum 
and  dedicated  to  Victor  Emmanuel  II,  and  Antonelli  was  author- 
ized to  prepare  for  its  transformation  and  completion.  In  the 
following  year  work  was  commenced  on  the  great  dome  and  the 
granite  gallery  at  its  base. 

In  the  meantime  Antonelli,  with  increasing  confidence  and 
assurance  in  his  work,'had  projected  a  loftier  design,  which  instead 
of  100  feet  should  place  268  feet  of  cupola  and  spire  above  the 
great  dome,  and  make  it  the  highest  building  in  Europe. 

The  perfect  stability  of  the  work  up  to  this  point,  and  the 
assurance  of  the  architect  that  this  great  height  could  be  erected 
with  safety,  led  those  in  charge  to  yield  to  his  ambition,  and  under 
Antonelli's  personal  supervision  the  structure  was  carried  up  to  the 
base  of  the  crowning  statue,  when,  on  October  18,  1888,  Antonelli 
died  at  the  ripe  old  age  of  ninety  years.  His  son,  who  had  assisted 
him  in  the  supervision  of  the  entire  work,  was  placed  in  charge  of 
the  building. 

The  crowning  statue  was  erected  in  1889,  holding  a  glistening 
star,  538  feet  above  the  pavement — the  greatest  height  reached 
by  any  structure  of  masonry  in  Europe,  and  only  exceeded  by  the 
Washington  Monument  in  this  country.  (The  tower  of  the  Phila- 
delphia City  Hall  is  ten  feet  higher,  but  the  upper  200  feet  are  of 
iron  construction.) 

The  interior  has  hardly  received  its  finishing  touches.  It  will 
probably  be  dedicated  for  a  museum  in  memory  of  Victor  Emman- 
uel II,  in  1898,  at  the  time  of  the  Turin  Exhibition. 

With  this  brief  history  of  the  structure,  we  w'ill  now  attempt 
to  analyze  its  parts  and  describe  some  of  the  peculiarities  of  its 
construction. 

The  building  consists  essentially  of  a  square,  130  feet  each 
way,  with  piers  17  feet  8^  inches  on  centers,  showing  eight  piers 
on  each  side,  or  tw-enty-eight  in  all;  at  a  distance  of  17  feet  8^ 
inches  inside  of  these  are  the  centers  of  an  inner  range  of  piers, 
with  six  on  each  side,  or  twenty  in  all. 

These  forty-eight  piers  perform  all  the  work  of  supporting 
the  walls  of  the  building,  the  great  dome,  and  lofty  cupola  and 
spire. 

There  are  on  each  flank  of  the  structure  three  piers  supporting 
projecting  wings  enclosing  stairways,  and  on  the  main  front  six 
more  piers  supporting  the  massive  granite  columns  of  a  great  por- 
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tico.  Also,  in  the  basement  and  sub-basement  stories,  there  are 
eight  interior  piers  wliich  support  the  floor  arches  up  to  the  great 
square  room. 

Thus  there  are  in  all  sixty-eight  piers  supporting  all  parts  of 
this  interesting  structure.  The  foundations  for  these  piers  are 
laid  in  sand  forty-five  feet  below  the  surface  of  the  ground. 

There  is  a  sub-basement,  17  feet  8  inches  deep,  below  the 
basement  floor  or  pavement  level,  and  at  this  point  we  see  the 
commencement  of  light  arched  construction  which  is  to  form  the 
principal  characteristics  of  the  building  throughout.  At  this  level 
the  interior  piers  are  about  4  feet  by  4  feet,  and  the  exterior  piers 
about  4  feet  by  6  feet. 

Instead  of  massive  walls  to  resist  the  earth  pressure  and  sup- 
port the  exterior  walls,  thin  segment  arched  walls  are  sprung 
from  pier  to  pier,  with  convex  side  outward;  these  in  turn  are 
buttressed  and  strengthened  by  horizontal  arches  at  mid-height 
of  the  sub-basement. 

From  the  level  of  the  pavement  the  outside  walls  are  carried 
on  flat  arches  from  pier  to  pier,  thus  throwing  all  weights  of  walls, 
floor,  and  contents  on  the  piers.  The  three  floors  that  intervene 
between  the  sub-basement  and  great  temple  are  carried  on  remark- 
ably light  arches,  some  of  them  over  thirty  feet  span  and  less  than 
three  feet  rise. 

The  loggia  and  gallery  floors  are  also  carried  on  very  thin 
and  light  brick  arches  employed  with  the  greatest  freedom  in  every 
part  of  the  work. 

The  external  architectural  features  of  the  building  consist, 
first,  of  a  basement  story  treated  as  pedestals  for  the  pilasters  and 
columns  above;  then  two  orders  of  architecture  consisting  of 
brick  pilasters  over  the  main  piers,  with  granite  Corinthian  cap- 
itals. The  walls  between  the  lower  pilasters  are  ornamented  with 
small  granite  columns  in  two  stories,  with  windows  in  the  central 
spaces.  The  second  order  has  a  high  brick  screen  wall,  with 
small  granite  columns  all  open  to  the  loggias  before  mentioned. 

Above  the  cornice  of  the  second  order  is  the  roof  of  the  side 
projections  and  the  front  portico,  and  an  offset  of  about  five  feet 
all  around  to  the  base  of  the  great  external  gallery,  with  its  fine 
granite  colonnade  around  the  base  of  the  dome.  Over  this  gal- 
lery is  another  sloping  offset  of  about  five  feet  to  the  base  of  the 
great  sc}uare  dome. 

This  portion  presents  five  large  arches  on  each  side,  with 
ornamental  pilasters  and  entablature,  which  forms  the  springing 
line  of  the  great  dome,  about  150  feet  above  the  ground. 
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The  great  dome  itself,  loo  feet  square  on  the  outside  and  120 
feet  high,  has  its  sides  falHng  inward  about  3=;  feet,  forming  a 
square  at  the  top  of  about  30  feet;  on  this  is  erected  a  combination 
of  cupolas  and  spire,  with  granite  columns  and  brick  piers, 
crowned  with  a  statue  268  feet  above  the  dome,  or  538  feet  above 
the  pavement  as  shown  on  Plate  4.'^ 

Of  the  architectural  efifect,  grace,  or  proportions  of  this  build- 
ing we  do  not  wish  to  criticise  or  praise,  but  to  call  attention  to  the 
difficult  problem  presented  and  the  skill  with  which  it  was  solved. 
The  problem  before  the  architect  was  to  poise  on  this  inner 
and  outer  square  of  slender  supports  a  great  square  dome  which 
should  have  its  thrusts  self-contained,  be  of  such  light  construc- 
tion that  it  should  not  crush  the  supporting  columns,  and  of  suffi- 
itself  through  the  various  stages  of  construction  without  interior 
cient  strength  to  carry  a  lofty  cupola  and  spire,  and  to  support 
centering. 

Antonelli  found  by  experiments  that  bricks  w^ould  lie  in  equi- 
librium on  a  bed  of  mortar  at  an  inclination  of  thirty  degrees  with 
the  horizontal.  He  therefore  arranged  the  pitch  of  the  dome  so 
that  the  greatest  inclination  of  the  radius  should  not  exceed  thirty 
degrees.  He  allowed  six  feet  for  the  entire  thickness  of  the  dome, 
and  placed  the  inner  line  or  shell  directly  over  the  inside  line  of 
columns. 

The  elements  of  the  dome  then  become  established  as  fol- 
lows: 

Interior  side 88  feet. 

Thickness 6  feet. 

Exterior  side 100  feet. 

Interior  radius   246  feet. 

Exterior  radius    252  feet. 

Height  of  dome 120  feet. 

Base  of  cupola  at  top  of  dome,  inside.  .      16  feet. 

Base  of  cupola  at  top  of  dome,  outside.     30  feet. 
(Small  fractions  of  a  foot  omitted.) 

With  the  inside  shell  of  the  dome  over  the  inner  line  of  col- 
umns, and  the  thickness  six  feet,  with  the  columns  17  feet  8^ 
inches  on  centers,  it  is  evident  that  the  outer  shell  would  be 
about  one-third  of  the  distance  to  the  outer  line  of  columns,  and 
to  properly  support  this  and  place  the  dome  in  equilibrium  on  the 
two  ranges  of  columns  was  the  first  great  difficulty  encountered, 

*  Plates  4  and  5  are  taken  from  an  Italian  publication,  and  represent  the 
parts  of  the  building.     The  figures  are  in  metres. 
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This  might  be  easily  accomplished  with  strong  metal  beams  ex- 
tending from  column  to  column,  capable  of  supporting  the  load  at 
any  point,  but  it  was  Antonelli's  purpose  to  use  brick  arches  every- 
where to  support  loads,  using  metal  very  sparingly  and  only  as  ties 
and  keys,  and  thus  we  find  him  preparing  for  this  great  load  in  the 
following  manner: 

Over  the  granite  capitals  of  the  second  story  of  columns  and 
at  a  height  of  75  feet  above  the  ground  parabolic  arches  are  sprung 
from  outer  to  inner  columns,  with  metal  tie  rods  and  flat  groined 
arches  to  form  the  ceiling  of  the  loggia. 

On  these  transverse  parabolic  arches,  which  it  will  be  remem- 
bered are  only  the  width  of  the  columns  and  17  feet  8^  inches 
apart  on  centers,  are  sprung  two  elliptical,  longitudinal  arches, 
dividing  the  space  between  columns  into  thirds,  the  inner  line  of 
these  arches  destined  to  carry  the  outer  shell  of  the  dome  and  the 
outer  arches  to  support  the  granite  exterior  gallery,  which  we  now 
see  was  designed  to  load  the  parabolic  arches  symmetrically  quite 
as  much  as  for  other  use  or  ornament. 

It  was  after  these  arches  were  turned  and  the  base  of  the  gal- 
lery built  that  the  architect  was  required  to  abandon  the  granite 
gallery  to  save  expense. 

Probably  no  one  realized,  as  did  AntonelH,  the  importance  of 
this  gallery  as  a  counterpoise  to  the  weight  thrown  on  the  inner 
side  of  the  arches,  or  the  skill  and  care  it  would  require  to  prevent 
the  parabolic  arches  from  being  very  unsymmetrically  loaded,  with 
resulting  displacement. 

We  shall  see,  however,  how  ingeniously  AntonelH  overcame 
the  difficulty  and  moved  on  to  the  construction  of  the  great  dome. 

Considering  these  arches  capable  of  carrying  a  portion  of  the 
load  unequally  distributed,  he  proceeded  with  the  vertical  supports 
of  the  dome,  consisting  of  two  orders  of  columns  inside  and 
square  brick  piers  outside,  with  a  blank  wall  to  receive  the  roof  of 
the  gallery  when  it  should  be  built  (as  seen  in  Fig.  2),  and  over 
what  should  be  the  roof  of  the  exterior  gallery  he  turned  five 
great  semicircular  arches  on  each  side,  which  were  to  form  large 
clerestory  windows  to  light  the  interior  and  form  architecturally 
the  drum  or  base  of  the  dome. 

We  have  now  arrived  at  a  height  of  150  feet  above  the  ground 
and  at  the  springing  line  of  the  great  dome,  and  here  a  peculiar 
construction  commences,  such  as  one  might  design  in  iron,  but 
which  few  would  think  of  executing  in  brick  and  lime  mortar. 

It  was  necessary  that  in  order  to  place  such  a  lofty  structure 
as  was  designed  on  such  slender  supports  it  should  be  as  light  as 
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possible,  elastic  and  strong.  In  metal  or  timber  this  would  not 
be  a  difficult  thing  to  do,  but  in  masonry  it  required  a  departure 
from  all  former  efiforts,  and  to  accomplish  which  consummate 
skill  in  design,  exactness  in  calculations  of  forces  and  stress,  and 
the  greatest  care  in  workmanship  and  selection  of  materials  were 
required. 

It  will  be  remembered  that  the  entire  thickness  allowed  for 
the  dome  was  six  feet;  an  inner  shell  was  necessary  to  form  a  ceil- 
ing surface,  and  an  outer  shell  on  which  to  lay  the  roof  covering. 
These  the  architect  made  as  thin  as  possible — only  one-half  a  brick, 
or  about  five  inches  each.  The  real  supporting  members  consist 
of  vertical  ribs  placed  directly  over  the  main  supporting  columns, 
17  feet  8^  inches  on  centers.  These  ribs  consist  of  an  outer  and 
inner  member  about  10  inches  by  15  inches  each,  connected  at 
intervals  of  about  12  feet  with  cross  arches,  upright  and  inverted, 
with  an  iron  tie  rod  through  each  connection. 

At  each  of  the  four  corners  are  somewhat  larger  ribs  or 
spines  placed  diagonally  on  the  plan,  constructed  in  a  similar 
manner  to  the  vertical  ribs,  and  destined  to  carry  the  entire  weight 
of  the  cupola  and  spire. 

It  will  be  seen  by  the  sketches  that  the  vertical  ribs  all  join  the 
corner  spines  in  pairs,  and  their  principal  duty  is  to  support  the 
square  dome,  the  two  middle  ribs  on  each  side  joining  the  angle 
spine  at  the  top,  where  the  base  of  the  cupola  rests. 

The  distance  between  the  vertical  ribs  is  divided  into  three 
parts  by  smaller  ribs  one  brick  square,  through  which  iron  rods 
pass  about  five  feet  apart,  to  secure  the  granite  ribs  on  the  outside 
of  the  stone  covering. 

The  inside  shell  is  also  strengthened  by  similar  small  ribs 
projecting  into  the  space  between  the  shells,  and  further  sup- 
ported, while  the  entire  structure  is  braced  by  curved  ribs  pro- 
jecting with  two  offsets  about  ten  inches  on  the  inside  of  the 
dome.  These  curved  ribs  are  struck  with  the  same  radius  as  the 
inside  shell  of  the  dome,  and  l:>ranch  each  way  over  every  one  of 
the  interior  columns,  intersecting  each  other  at  acute  angles  and 
abutting,  two  by  two,  at  the  corners,  thus  dividing  the  interior 
surface  of  the  dome  into  symmetrical  panels  with  curved  lines,  and 
serving  to  distribute  any  weight  or  force  acting  on  any  of  the 
spines  to  the  several  columns. 

In  building  these  curved  ribs,  some  interior  support  may 
have  been  obtained  by  struts  and  braces  from  the  timber  scafifold 
which  was  erected  inside  the  dome,  but  no  complete  system  of  cen- 
tering was  employed. 
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The  larg-e  panels  between  these  curved  ribs,  only  half  a  brick 
thick,  are  built  slightly  concave  or  sail-like,  to  prevent  their  falling 
inward  while  the  mortar  was  still  fresh.  This  concavity,  however, 
is  so  slight  it  cannot  be  perceived  from  below. 

At  five  different  stages  in  the  height  of  the  dome  horizontal 
arches  are  sprung  from  rib  to  rib,  with  thin  arched  floors  spanning 
the  space  between  shells  and  forming  so  many  ambulatories  around 
the  entire  dome,  and  making  rigid  connections  of  the  various 
parts. 

At  the  same  time,  wrought-iron  ties  are  placed  near  these 
floors  to  resist  any  possible  tensile  strain  that  might  come  from 
the  outward  thrust  or  from  the  tendency  to  fall  inward  during 
construction. 

Thus  it  will  be  seen  the  entire  composition  of  this  dome  is  a 
complicated  piece  of  framing  and  trussing,  with  all  the  members 
in  brick  carefully  proportioned  to  the  work  they  have  to  perform, 
while  iron  ties  are  inserted  only  where  tensile  strain  may  be  en- 
countered. 

As  if  the  difficulties  of  carrying  out  this  design  were  not 
sufBcient,  the  necessity  of  omitting  the  external  gallery  required 
some  device  to  throw  more  of  the  weight  of  the  external  shell  on 
the  inner  columns  than  was  first  proposed,  and  thereby  relieve  the 
parabolic  arches  before  described.  This  was  accomplished,  as  is 
shown  in  Fig.  3,  by  carrying  the  inner  member  of  the  principal 
ribs  in  a  vertical  line  to  the  point  M,  and  there  inserting  granite 
blocks  extending  entirely  through  the  dome,  and  by  vertical  piers 
above  the  granite,  throwing  the  weight  of  the  outer  shell  to  the 
inside  line. 

This  device  proved  successful,  and  no  movement  was  apparent 
in  the  unequally  loaded  arches  below. 

Stone  stairs  are  built  into  the  space  between  the  two  shells  of 
the  dome,  thus  giving  easy  access  to  the  cupola  above. 

This  stage  of  the  work  was  reached  in  1880,  and  before  pro- 
ceeding farther  the  granite  gallery  so  often  referred  to,  and  so 
much  needed  both  to  give  symmetry  to  the  building  and  equilib- 
rium to  the  parabolic  arches,  was  constructed;  also  the  covering 
tiles  were  placed  on  the  great  dome.  These  consist  of  slabs  of 
dense  flagstone,  about  2  inches  thick  and  nearly  6  feet  long, 
extending  from  center  to  center  of  the  small  brick  ribs,  while  the 
vertical  joints  were  covered  and  the  whole  secured  with  granite 
ribs  carefully  fitted  to  the  slabs  and  held  in  place  with  iron  bolts 
extending  through  granite  and  brickwork  and  keyed  up  on  the 
inside. 
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A  notable  feature  in  all  the  iron  connections  throug-hout  is 
that  they  are  made  in  the  old  method  of  keys  and  wedges,  instead 
of  the  more  modern  thread  and  nut.  These  bolts,  placed  at  regu- 
lar intervals  and  in  horizontal  rows  about  five  feet  apart,  are 
formed  with  eyes  on  the  outside,  by  which  scaffolding  may  be 
secured. 

One  would  suppose  that  when  the  top  of  the  dome  was 
reached,  275  feet  from  the  ground,  most  architects  would  con- 
sider it  desirable  to  finish  the  work  with  a  cupola  or  lantern  of 
moderate  height;  but  not  so  with  Antonelli.  Not  satisfied  even 
with  a  three-story  cupola,  100  feet  high,  which  was  first  designed, 
he  proposed  the  astonishing  combination  of  cupolas  and  spire 
shown  on  the  views  of  the  finished  building,  and  which  required  a 
further  height  of  268  feet  and  a  superimposed  weight  of  about  550 
tons. 

By  this  time  we  should  be  prepared  for  any  venture  the  bold 
architect  might  make,  and  while  we  may  be  amazed  at  the  slender 
construction  placed  at  this  great  height  and  poised  on  such  deli- 
cate supports,  we  shall  find  nothing  more  surprising  than  that  we 
have  examined. 

As  before  stated,  the  converging  ribs  and  spines  meet  at  the 
top  of  the  dome  in  such  a  manner  that  when  connected  with 
strong  arches  and  iron  ties  they  form  a  platform  30  feet  square 
on  the  outside,  with  an  opening  16  feet  souare  in  the  center 
and  the  arches  so  constructed  that  all  weight  placed  on  this  plat- 
form will  be  conveyed  to  the  angle  spines  and  distributed  by  the 
straight  and  curved  ribs  to  all  the  colunms  below. 

The  base  of  the  cupola,  about  ten  feet  high,  is  formed  with 
six  bracket-like  piers  on  each  side  placed  over  the  outside  arches, 
and  four  piers  on  each  side  over  the  inside  arches.  The  brackets 
on  the  outside  support  a  granite  balcony,  from  which  a  superb 
view  of  the  city  and  surrounding  country  is  obtained.  Above  this 
base  are  high  pedestals,  and  two  stories  of  granite  columns  on  the 
outside  line,  and  brick  pilasters  with  windows  on  the  inside,  with 
all  connecting  arches  of  brick. 

This  lower  section  of  the  cupola  terminates  with  stone  pedi- 
ments on  each  of  the  four  sides  and  a  conical-shaped  roof  above 
falling  in  about  five  feet,  and  consisting  of  a  thin  shell,  one-half 
brick  in  thickness,  stiffened  with  ribs  and  girts  of  a  whole  brick 
on  the  inside. 

The  top  of  this  conical  roof  carries  us  75  feet  above  the  dome, 
and  here  the  structure  assumes  a  circular  plan,  with  an  outer  and 
inner  row  of  small  granite  cohunns,  and  inside  of  these  another 
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circle  of  very  small  brick  columns,  between  which  and  the  inner 
circle  of  stone  columns  are  double  flights  of  winding  stairs  of 
stone. 

The  outer  circle  of  columns  are  but  one  story  high,  and 
support  another  outside  balcony,  crowned  in  the  design  with  eight 
angels,  presumably  blowing  the  last  trump. 

The  inner  circle  of  stone  columns  now  become  the  outer 
ones,  and  extend  two  stories  higher,  with  the  stairs  and  inner 
columns  as  before  described.  And  now,  at  a  height  of  135  feet 
above  the  dome,  a  slender  spire  is  built  for  a  height  of  65  feet, 
consisting  of  eight  brick  piers,  about  10  inches  by  10  inches, 
forming  the  angles  and  connected  with  the  stone  roofing  slabs, 
held  with  stone  ribs  on  the  outside,  bolted  through  the  angle  piers, 
and  braced  on  the  inside  by  the  stone  stairs.  The  inner  circle  of 
brick  columns  has  now  become  very  small,  with  only  about  sixteen 
inches  of  a  well-hole  in  the  center.  The  stone  stairs,  now  reduced 
to  a  single  flight,  continue  to  wind  around  the  central  shaft  of 
brick-work,  and  reaches  another  stone  balcony  205  feet  above  the 
top  of  the  dome,  or  475  feet  above  the  pavement,  the  highest 
point  to  which  the  public  is  admitted. 

Again  we  are  treated  to  a  story  of  stone  columns,  tied  to- 
gether with  iron  bands,  the  central  hollow  shaft  of  brick,  and  the 
stone  winding  stairs  to  the  last  open  balcony  that  may  be  reached 
by  stairs. 

As  the  exterior  diameter  is  here  reduced  to  six  feet,  the  stairs 
are  no  longer  practicable,  and  those  who  would  reach  the  higher 
balcony  must  ascend  an  iron  ladder  on  the  outside  of  the  slender 
spire. 

The  finial  and  crowning  statue  is  still  elongated,  as  if  deter- 
mined to  get  as  far  as  possible  from  the  earth,  and  the  whole  is 
very  appropriately  surmounted  with  a  star,  which  we  hope  will 
remain  a  fixed  star  for  many  years. 
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THE  EXGIXEERIXG  VALUE  OF  MAGNETIC  SURVEYS. 


By  Wm.  S.  Aldrich,  Member  of  the  Association  of  Engineers 

OF  Virginia. 


[Abstract  of  paper  presented  at  the  Annual   fleeting  of  the   Association, 
January  30,  1897.*] 

Successful  engineering  practice  must  be  founded  upon  data 
determined  by  the  exact  measurements  of  modern  science.  The 
present  paper  presents  matter  of  interest  and  importance  relating 
to  the  bearing  of  magnetic  observations  on  engineering  develop- 
ments. Little  systematic  work  in  any  of  our  States  has  been  car- 
ried on  heretofore  in  the  establishment  of  magnetic  meridians  and 
determination  of  magnetic  data.  The  recent  progress  of  this  work 
in  the  State  of  Maryland  calls  for  more  than  passing  notice.  It  has 
been  carried  on  under  the  direction  of  the  State  Geological  and 
Economic  Survey. 

It  would  seem  possible  for  the  several  af^liated  branches  of 
our  Association  of  Engineering  Societies  to  take  up  such  matters 
with  a  view  to  Legislative  enactments  in  their  respective  or  adjoin- 
ing States.  In  any  case,  it  is  especially  desirable  to  bring  to  the 
attention  of  our  members  the  great  scientific  and  engineering  value 
of  such  work.  As  our  Association  is  represented  in  the  principal 
cities  and  States,  from  the  Atlantic  to  the  Pacific,  its  interest  in 
such  work,  once  aroused,  would  no  doubt  encourage  others  to  push 
forward  the  prosecution  of  magnetic  surveys  across  this  belt  oT 
our  continent. 

Primarily,  a  magnetic  survey  involves  the  scientific  determina- 
tion, at  certain  selected  important  points  and  at  a  given  time,  of  the 
following  so-called  magnetic  elements: 

The  magnetic  declination  or,  as  commonly  called  in  suiweying 
and  marine  work,  the  variation  of  the  compass, — measuring  the 
horizontal  angle  between  the  true  geographical  and  the  magnetic 
meridians  at  any  point. 

The  magnetic  inclination  or  dip  of  the  magnetic  needle, — 
measuring  the  vertical  angle  in  plane  of  magnetic  meridian  which 
the  freely  suspended  needle  makes  with  the  horizontal  plane  at  that 
point. 

The  intensity  of  the  earth's  magnetic  force  at  point  of  observa- 
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tion, — determined  either,  (a)   in  its  total  intensity,  or  (b)  by  its 
horizontal  component. 

At  selected  points  throughout  each  State  reliable  data  are 
thereby  obtained  for  plotting  on  the  map  the  following  lines  show- 
ing the  characteristic  features  of  the  magnetic  elements  at  the  time 
of  observation. 

Isogonic  lines  drawn  through  all  points  having  the  same 
magnetic  declination  or  variation  of  the  compass. 

Isoclinic  lines  drawn  through  all  points  having  the  same  mag- 
netic inchnation  or  dip  of  the  magnetic  needle. 

Isodynamic  lines  drawn  through  all  points  having  the  same — 
(a)  total  magnetic  intensity,  or  (b)  horizontal  component  of  the 
earth's  magnetic  force. 

The  United  States  Coast  and  Geodetic  Survey  has  obtained 
such  data  as  to  enable  it  to  plot  the  general  direction  of  these  mag- 
netic lines  at  the  principal  points  of  observation  throughout  the 
United  States  corresponding  to  particular  epochs  or  periods  of 
time.  Such  work  has  not  been  so  consecutive  nor  so  correlated  as 
to  make  it  of  practical  engineering  value  in  each  of  our  several 
States.  It  has  been  carried  on  largely  in  connection  with  their 
other  work  of  triangulation  and  of  topographical  survey;  and  mag- 
netic determinations  were  made  at  many  such  points  as  were 
established  for  these  other  surveys. 

It  has  been  general  rather  than  specific.  In  no  case  has  it  been 
carried  on  systematically  throughout  any  one  of  the  States  for  dis- 
tinctly promoting  its  industrial  prosperity  or  engineering  develop- 
ment. Such  detailed  work  by  government  has  been  left  to  the 
respective  Geological  and  Economic  Surveys  of  the  several  States, 
if  not  to  individual  enterprise. 

In  Iowa,  Missouri,  Pennsylvania  and  New  Jersey,  magnetic 
observations  have  been  made  at  a  few  isolated  points  by  surveyors 
and  other  interested  parties.  Such  data  have  related  almost  en- 
tirely to  the  declination  of  the  compass  needle,  to  re-establish  the 
lines  of  old  surveys  at  such  time. 

The  most  extensive  and  systematic  work  of  this  character  has 
been  inaugurated  by  the  State  of  Maryland.  Many  of  the  early 
stations  of  the  United  States  Coast  and  Geodetic  Survey  have  been 
re-occupied,  and  magnetic  survey  stations  have  been  established  at 
every  county  town  throughout  the  State,  making  forty-three  in  all. 
There  is  thus  one  station  for  about  every  two  hundred  and  fifty 
square  miles. 

At  those  Maryland  stations  at  which  magnetic  observations 
were  made  during  the  summer  and  autumn  of  1896,  such  complete 
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data  have  been  obtained  as  will  prove  to  be  of  immediate  value  to 
all  surveyors.  It  has  been  also  sufficient  to  indicate  its  great 
scientific  importance  in  connection  with  investigations  connected 
with  the  location  of  the  great  rock  masses  in  the  State  of  Mary- 
land. 

The  practical  benefit  to  all  land  surveyors  and  other  interested 
parties  of  such  accurate  magnetic  determinations  cannot  be  over- 
estimated. They  will  prove  of  inestimable  value  to  the  County 
Commissioners  of  each  State,  enabling  them  to  establish  satisfac- 
torily magnetic  lines  at  each  of  the  county  seats.  In  several  of  the 
States  the  magnetic  meridian  is  that  to  which  all  surveys  are  re- 
quired to  refer.  At  every  county  seat  these  meridians  should  be 
accurately  determined,  permanently  located  and  periodically  re- 
established. 

The  lines  of  the  old  surveys  cannot  be  satisfactorily  retraced 
without  such  scientific  data  as  those  furnished  by  magnetic  surveys. 
The  disputes  and  losses  arising  from  endeavors  to  retract  old  sur- 
veys, particularly  in  relation  to  valuable  mineral  and  timber  lands, 
would  alone  warrant  a  complete  magnetic  survey  of  the  State.  In 
many  of  the  States  such  work  is  imperatively  required,  as  well  to 
settle  legal  questions  on  the  one  hand  as  to  develop  the  State's 
resources  on  the  other. 

Magnetic  determinations  of  this  character  have  far-reaching 
importance,  ^l^ey  bear  upon  all  future  observations  and  deter- 
minations affecting  the  magnetic  conditions  of  the  earth's  crust. 
Such  observations  have  been  proven  to  be  of  the  greatest  geologi- 
cal value.  The  development  of  a  State's  mineral  resources  means 
the  promotion  of  her  material  prosperity. 

The  problem  of  the  nature  and  origin  of  "local  disturbances"  and 
their  relation  to  geological  formations  require  such  scientific  in- 
vestigation of  the  terrestrial  magnetic  forces  in  all  their  com- 
ponents. 

In  connection  with  such  magnetic  surveys  it  is  usually  possi- 
ble to  carry  on  quite  a  number  of  other  scientific  observations,  such 
as  those  looking  to  the  determination  of  the  force  of  gravity. 
Along  with  these  are  usually  prosecuted  certain  economic  investi- 
gations in  well-known  lines,  looking  to  the  production  of  suitable 
maps  and  reports.  These  set  forth  the  physical  features  of  the 
State,  and  show  their  practical  bearing  upon  the  development  of  its 
resources,  the  promotion  of  its  industries  and  the  advancement  of 
its  material  prosperity,  having  due  regard  to  the  varying  resources, 
conditions  and  needs  of  the  several  portions  of  the  State. 
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By  D.  C.  Humphreys. 

[Presidential  Address  at  the  annual  meeting  of  the  Association  of  Engi- 
neers of  Virginia,  at  Roanoke,  Va.,  January  30,  1897.*] 

The  formation  of  Engineering  Societies  is,  of  itself,  a  recogni- 
tion of  the  community  of  interest  that  exists  between  us,  and  our 
object  in  meeting  together  is  to  promote  the  general  interests  of 
our  profession,  and  for  each  to  enjoy  the  fellowship  of  those  who 
can  best  sympathize  with  him. 

It  is  not  necessary  to  prove  to  this  body  that  engineering  is  a 
learned  profession,  for  each  knows  well  enough  how  much  study 
and  labor  is  necessary  to  properly  qualify  any  one  to  practice  any 
branch  of  our  calling.  What  we  want  is  that  our  profession  should 
take  equal  rank  with  the  time-honored  professions  of  divinity,  law 
and  medicine.  We  would  like  to  stand  well  in  public  esteem,  for  in 
that  way  only  can  we  hope  for  adequate  compensation,  financial  and 
social.  In  the  higher  walks  of  the  profession,  as  in  bridging  the 
Mississippi  or  the  English  Channel,  in  tunnelling  under  the  Alps 
or  the  Rocky  Mountains,  in  constructing  ocean  greyhounds  or  bat- 
tle ships,  or  in  the  harnessing  of  Niagara  to  the  wheels  of  Buffalo, 
there  is  no  lack  of  appreciation  on  the  part  of  the  public  or  of  finan- 
ciers. In  such  matters  the  predictions  of  the  engineer  are  trusted 
as  though  he  were  at  least  "the  son  of  a  prophet."  In  railroading 
the  public  confides  in  us,  as  is  testified  by  thousands  who  travel 
without  giving  anxious  thought  as  to  their  safety;  but  railway 
managers  do  not  always  appreciate  the  importance  of  the  civil  en- 
gineer, and,  not  unfrequently,  when  a  railway  gets  into  the  hands  of 
the  courts,  the  receiver  cuts  off  the  civil  engineers  as  a  means  of 
cutting  down  expense.  The  same  thing  is  sometimes  done  to  pre- 
vent a  road  from  going  into  the  hands  of  a  receiver.  For  instance, 
in  1893  I  was  told  that  one  of  the  largest  railway  systems  in  the 
United  States  had  discharged  every  civil  engineer  except  the  chief, 
in  order  to  cut  down  expenses  until  times  should  improve. 

As  an  illustration  of  the  money  value  put  on  the  services  of  an 
engineer,  as  compared  with  those  of  a  lawyer,  I  will  quote  from  an 
address,  before  the  Perdue  Society  of  Civil  Engineers,  by  Mr.  W. 
F.  Goodhue,  on  "The  Importance  of  Business  Wisdom  in  an  En- 
gmeer."     Mr.  Goodhue  says: 
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"About  twenty  years  ago  a  railway  in  Illinois  became  insol- 
vent, and  a  receiver  was  appointed  to  take  charge  of  its  affairs.  To 
reduce  expenses,  the  receiver  began  by  reducing  the  number  of 
employees,  and  the  first  to  go,  as  usual  in  such  cases,  was  the  en- 
gineer and  all  his  tribe.  For  a  number  of  years  the  road  was 
operated  in  a  cheap,  haphazard  sort  of  a  way,  when  it  was  sold  to 
an  Eastern  syndicate,  who  took  immediate  steps  for  reorgani- 
zation, and  I  was  appointed  engineer  in  charge  to  rebuild  the  road. 
My  first  work  was  to  thoroughly  inspect  the  entire  property  and 
determine  what  was  immediately  necessary'  to  make  it  safe  for 
traffic,  and  also  remunerative.  I  found  that  the  roadbed,  bridges, 
buildings,  etc.,  had  deteriorated  beyond  redemption,  that  the  whole 
line  must  be  rebuilt.  At  this  time  the  road  had  been  for  about  five 
years  in  the  hands  of  a  receiver,  a  lawyer. 

"I  labored  hard  and  faithfully  for  six  years,  putting  the  entire 
road  and  its  branches  into  first-class  condition,  and  under  its  ex- 
cellent management  it  has  so  remained  to  this  day.  For  my  ser- 
vices I  received  about  $12,000.  The  lawyer  remained  with  the 
road  some  years  longer  than  I  did.  When  it  passed  out  of  the 
hands  of  the  master-in-chancery,  by  which  act  the  ofBce  of  re- 
ceiver was  abolished,  the  court  ordered  that  the  lawyer  be  paid, 
from  the  proceeds  of  the  sale  of  the  road,  the  sum  of  $125,000." 

Then  Mr.  Goodhue  goes  on  to  say: 

"Now,  I  do  not  cite  this  as  a  disparagement  to  lawyers,  but 
as  an  example  of  the  generally  recognized  value  of  a  lawyer's  ser- 
vices." 

This  case  may  be  somewhat  exaggerated,  but  most  of  us  prob- 
ably know  of  similar  cases,  where  an  engineer  did  most  of  the 
work  and  a  lawyer  got  most  of  the  pay. 

However  it  may  be  in  large  affairs,  when  it  comes  to  smaller 
ones,  as  the  construction  and  maintenance  of  county  roads,  it  is 
usually  considered  as  not  worth  while  to  have  an  engineer  at  all. 
If  we  but  look  around  us  here  in  Virginia  we  will  see  that  the 
mountain  roads  are  for  the  most  part  admirably  located  because 
their  location  was  difificult  and  the  services  of  an  expert  were  se- 
cured, whereas  we  find  the  location  of  roads  in  the  open  country 
in  most  cases  faulty  and  frequently  vcr}'  bad,  either  because  no 
engineer  has  been  employed,  or  because  he  was  required  to  follow 
land  lines  so  closely  that  he  was  no  longer  a  free  agent.  The  com- 
munity should  employ  a  professional  engineer  who  has  to  sustain, 
not  only  his  own  reputation,  but  that  of  his  profession — a  man 
who  knows  that  one  bad  job  is  a  lasting  monument  to  his  incom- 
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petence  or  dishonesty — ami  then  i^ive  that  engineer  authority  to 
make  the  best  location,  all  things  considered. 

As  an  example  showing  how  bad  locations  sometimes  come  to 
be  made,  I  will  cite  a  case  in  my  own  experience.  I  was  once  lay- 
ing off  some  land,  near  a  town,  which  had  been  sold  by  a  develop- 
ment company  to  Mr.  N.,  who,  seeing  how  I  was  about  to  locate  a 
road  line,  disappeared,  and  shortly  came  back  with  a  written  order 
from  the  president  of  the  company  to  me,  recjuesting  that  I  so  lo- 
cate the  new  road  line  that  a  certain  fence  would  not  have  to  be 
moved.  Mr.  N.  remarked,  as  he  handed  me  the  order,  that  he 
knew  it  was  no  use  to  talk  to  an  engineer,  for  he  would  just  follow 
his  instrument  and  locate  the  road  in  what  he  thought  to  be  the 
best  place,  regardless  of  the  nice  new  fence.  Under  the  circum- 
stances I  felt  constrained  to  locate  the  road  where  both  the  buyer 
and  the  seller  wanted  it  to  be. 

If  the  importance  of  having  a  competent  engineer  to  locate 
and  supervise  the  construction  of  highways  and  bridges  was  prop- 
erly appreciated,  we  would  have  in  every  large  county  a  county 
engineer  who  would  be  as  highly  esteemed  as  the  County  Sur- 
veyor was  in  pioneer  days.  Such  a  man  might  combine  architec- 
ture with  his  other  work,  and  leave  his  impress  on  the  community 
in  a  more  lasting  way  than  the  lawyer,  the  doctor,  or  even  the 
preacher. 

If  our  profession,  as  a  whole,  was  properly  appreciated.  Gover- 
nors, Mayors  and  Courts  would  uniformly  appoint  at  least  one  en- 
gineer on  each  commission  having  anything  to  do  with  public 
works. 

The  doctors  have  found  it  necessary  to  adopt  and  enforce  very 
strict  rules  of  professional  etiquette,  and,  in  order  to  determine  who 
is  a  doctor,  they  have  invoked  the  aid  of  the  State,  which  now  re- 
fuses license  to  the  ignorant  and  incompetent. 

We  might  imitate  them,  to  our  advantage,  but  in  the  matter 
of  State  aid  we  are  as  yet  hardly  in  a  position  to  ask  the  State  to 
say  who  is  an  engineer  when  scarce  two  of  us  would  agree  where 
to  draw  the  line.  The  conditions  are  different  with  us  and  with 
the  doctors.  Our  clients  are,  as  a  rule,  business  men,  capable  of 
taking  care  of  themselves,  and  our  mistakes  are  published  "on  the 
house  tops"  (or  in  the  newspapers),  while  the  clients  of  the  doctor 
are  frequently  weak  and  incapable  of  judging  of  his  cjualifications, 
and  the  mistakes  of  that  profession  are  buried  or  hidden. 

Before  we  ask  State  aid,  we  must  estal)lish  beyond  question 
our  right  to  be  classed  as  a  learned  profession,  and  find,  by  natural 
selection,  our  place  in  the  esteem  of  our  fellows.     When  we  have 
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done  that,  we  may  ask  the  State  to  recognize  the  existing  status 
and  to  pass  laws  to  prevent  the  incompetent,  who  call  themselves 
engineers,  from  protiting  by  the  hard-earned  reputation  of  the  pro- 
fession. 

That  we  may  be  esteemed  karned,  it  is  necessary  that  those 
following  the  profession  should  be  learned. 

The  engineering  colleges  of  this  country  are,  for  the  most  part, 
well  equipped  and  are  attended  by  more  students  than  can  make  a 
living  by  strictly  practicing  the  profession  of  engineering.  This 
does  not  mean  that  young  men  are  wasting  their  time,  and  their 
parents  their  money,  in  useless  education,  for  there  is  in  many  of 
life's  callings  a  demand  for  men  with  an  engineering  education, 
but  it  does  mean  that  we  can  hope  for  a  picked  body  of  young  men, 
who,  by  natural  fitness  or  extraordinary  industry,  succeed  in  main- 
taining themselves  in  the  profession,  provided  it  pays  them,  finan- 
cially or  socially,  to  stay  in  it.  By  paying  socially,  I  mean  that  a 
successful  engineer  should  possess  the  consciousness  of  being 
useful  in  his  day  and  generation,  that  he  should  have  the  fact  of  his 
usefulness  recognized  by  society,  and  that  he  should  be  looked 
up  to. 

Now,  in  order  that  these  young  men  entering  the  profession 
may  be  thought  worthy  to  rank  among  the  learned,  it  is  necessary 
that  they  should  first  be  liberally  educated  before  they  specialize. 
Indeed,  herein  lies,  in  my  opinion,  the  distinction  between  a  man 
with  a  trade  and  one  with  a  profession.  That  one  has  special  train- 
ing without  a  liberal  education,  while  the  other  has  built  the  super- 
structure of  specialization  on  the  broad  foundation  of  liberal  cul- 
ture. 

Our  profession  may  l)e  defined  as  the  art  of  using  the  forces 
of  nature  to  satisfy  the  wants  and  promote  the  comfort  of  man. 
To  make  use  of  nature's  forces  one  must  first  understand  nature's 
laws,  and  a  man  is  surely  liberally  educated  who  has  anything  like 
a  comprehensive  grasp  of  the  way  in  which  nature  works. 

To  refer  again  to  the  medical  profession,  it  is  well  established 
that  a  man  should  not  adopt  any  specialty,  as  that  of  an  oculist,  for 
instance,  until  he  is,  by  education  at  least,  qualified  to  be  a  general 
practitioner.  So  I  would  say  in  regard  to  the  specialties  in  en- 
gineering. The  man  who  would  be  a  successful  electrical  engineer, 
for  instance,  should  first  be  a  general  practitioner,  for  in  no  other 
way  can  he  get  a  proper  perspective  of  any  enterprise  as  a  whole, 
and  an  adequate  knowledge  of  the  proper  co-ordination  of  his  part. 
To  get  a  proper  perspective  of  industrial  undertakings  and  to  be 
capable  of  advising  capitalists  or  conuiumities  in  regard  to  any 
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proposed  work,  it  is  necessary  that  the  engineer  slionld  have  a 
wide  horizon.  He  nmst  not  only  be  acquainted  witli  the  physical 
laws  of  nature,  but  must  know  what  w'e  call  human  nature.  Herein 
lies  the  explanation  of  the  fact  that  the  tirst-honor  man  at  college 
is  frequently,  in  fact  usually,  distanced  in  after-life  by  the  all-round 
man  who  studies  fairly  well,  and  who,  at  the  same  time,  knows  how 
to  dance,  to  skate,  to  play  foot-ball  and  to  make  himself  agreeable 
to  the  young  ladies  as  well  as  to  his  fellow-students.  Both  these 
men  are  sometimes  surpassed  by  the  man  who  has  never  had  a 
college  education,  for  the  latter,  in  his  efforts  at  self-education, 
never  finds  a  stopping  place,  while  the  college  man  is  apt  to  think 
himself  educated  when  he  receives  his  diploma. 

The  advantage  is  with  the  college  man,  however,  for  he  is  like 
the  man  who  has  taken  time  to  grind  his  axe  before  going  to  the 
woods,  wdiile  the  other  is  like  the  man  who  starts  with  a  dull  axe, 
and  who  is  lucky,  indeed,  if  he  finds  time  to  sharpen  it,  though  he 
may  have  cut  many  trees  before  the  other  gets  started. 

Since  the  standing  of  our  profession  depends  largely  on  the 
amount  and  quality  of  the  education  given  those  who  enter  it,  I  will 
briefly  outline  what  I  think  that  education  should  be. 

The  prospective  engineer  should,  if  possible,  have  a  primitive 
workshop  at  home,  and  should  learn  early  to  be  a  tool-using  ani- 
mal; he  should  receive  a  good  all-round  training  at  a  good  high 
school  or  fitting  school,  with  some  manual  training;  he  should  re- 
ceive a  liberal  education  at  college,  strengthening  weak  points,  so 
that  he  may  have  synmietrical  development,  but  at  the  same  time 
he  may  begin  the  special  studies  that  are  to  be  the  basis  of  his  life 
work.  At  college  he  should  study  English  and  some  other  lan- 
guage, say  one  modern  language  as  a  minimum,  but  his  main  work 
should  be  in  science,  studying  the  properties  of  materials  and  the 
fundamental  principles  of  engineering  structures,  so  that  he  may 
be  rendered  capable  of  reading  practically  all  engineering  litera- 
ture. He  should  have  in  the  chemical,  physical  and  engineering 
laboratories  enough  work  to  enable  him  to  understand  his  theo- 
retical studies,  and  to  give  him  confidence  in  himself  and  in  his 
ability  to  put  at  least  some  theory  into  practice.  This  laboratory 
work  should  include  a  sunnner  course  in  surveying  and  geology. 
At  the  end  of  a  four  years'  course,  if  worthy,  he  should  receive  the 
degree  of  Bachelor  of  Science,  which  should  mean  that  he  is  liber- 
ally educated,  especially  in  those  branches  of  science  likely  to  be  of 
most  use  to  an  engineer, 

I  believe  this  part  of  his  training  can  be  most  efificiently  accom- 
plished at  an  institution  where  he  will  meet  with  young  men  who 


312  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

expect  to  go  into  the  other  learned  professions,  those  of  divinity, 
law  and  medicine.  Contact  with  these  will  help  greatly  in  making 
a  man  of  him. 

After  this  he  should  either  go  to  some  rich  engineering  col- 
lege, elaborately  equipped,  not  only  for  experimental  work,  but  for 
research  as  well,  or  else  he.  should  go  to  work  wherever  he  can. 

At  the  end  of  a  two-years'  course  at  such  a  graduate  college, 
or  university,  he  should  receive  the  professional  degree  of  Civil 
Engineer.  There  are  strong  reasons  for  giving  also  the  degree  of 
Mining  Engineer,  Alechanical  Engineer,  Electrical  Engineer,  etc., 
bttt  the  trouble  is  to  know-  where  to  stop,  and  the  tendency  is, 
therefore,  to  simplify  degrees  by  making  them  less  numerous. 

It  would  be  well  for  college  graduates  and,  I  believe,  also  for 
the  various  great  industries  if  others  would  do  as  the  General 
Electric  Company  has  done.  It  has  opened  an  expert  department 
in  its  shops,  where  college  graduates  are  admitted  and  given  a 
chance  to  become  thoroughly  acquainted  with  the  company's  ma- 
chinery. These  apprentices  test  the  ordinar}-  machines,  and  are 
changed  from  one  class  of  work  to  another.  At  the  end  of  a  pre- 
scribed course,  if  such  a  young  man  has  made  good  use  of  his  op- 
portimities,  he  is  an  electrical  engineer,  and  may  be  sent  to  any 
part  of  the  world  to  erect  and  install  plants ;  or,  if  he  sets  up  in  busi- 
ness, he  has  a  strong  bias  in  favor  of  the  apparatus  that  he  knows 
to  be  good  as  against  that  of  other  make  which,  nevertheless,  may 
have  many  points  of  excellence. 

In  railway  shops,  shipyards  and  elsewhere  such  a  department 
of  expert  apprentices  might  be  established  with  great  advantage  to 
the  industry,  and  appointments  need  not  be  confined  to  college 
men,  but  also  offered  as  a  reward  to  bright  men  in  any  department. 
The  engineering  college  would,  on  its  part,  meet  the  move  half 
way  and  ofTer  scholarships  to  some  deserving  apprentices  who 
may  show  themselves  worthy  of  higher  education. 

The  six-years'  course  here  prescribed  would  place  the  full  en- 
gineering graduate  where  he  shotdd  be — viz:  on  the  same  educa- 
tional plane  with  the  Ph.D.  and  ahead  of  the  lawyer,  the  doctor  and 
the  preacher. 
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By  F.  W.  Cappelen,  Member  Am.  Soc.  C.  E. 


[Read  at  the  meeting  of  Engineers'  Club  of  Minneapolis,  Minn.,  Novem- 
ber 16,  1896.*] 

At  the  second  annual  convention  of  the  American  Society  of 
Municipal  Improvements,  held  in  October  last  year,  at  Cincinnati, 
Ohio,  a  committee  on  electric  street  lighting',  consisting  of  Mr. 
John  A.  Cabot,  Chief  Electrician  B.  of  A.,  Cincinnati;  Harold  P. 
Brown,  Consulting  Electrical  Engineer,  Newark,  N.  J.,  and 
myself,  was  appointed. 

We  divided  the  entire  United  States  into  three  sections,  and, 
with  Canada  added  to  my  portion,  correspondence  was  entered 
into  with  the  various  cities. 

The  accompanying  question  sheet,  after  first  being  formulated 
and  agreed  upon  by  the  committee,  was  sent  out: — 

1.  Names  of  companies  furnishing  bghts. 

2.  Life  of  Contract:     From. ...  189. .  to.... 189.. 

3.  No.  of  2,000  C.P.  Arc  Lamps  in  operation. 

4.  No.  of  miles  of  streets  lighted  by  same. 

5.  Cost  of  same  per  night. . .  .or  per  year. 

6.  No.  of  1,200  C.P.  Arc  Lamps  in  operation.' 

7.  No.  of  miles  of  streets  lighted  by  same. 

8.  Cost  of  same  per  night. . .  .or  per  year. 

9.  No.  of  16  C.P.  Incandescent  Lamps  in  operation. 

10.  No.  of  miles  of  streets  lighted  by  same. 

11.  Cost  of  same  per  night.... or  per  year. 

12.  No.  of  32  C.P.  Incandescent  Lamps  in  operation. 

13.  No.  of  miles  of  streets  lighted  by  same. 

14.  Cost  of  same  per  night. . .  .or  per  year. 

15.  No.  of  50  C.P.  Incandescent  Lamps  in  operation. 

16.  No.  of  miles  of  streets  lighted  by  same. 

17.  Cost  of  same  per  night. . .  .or  per  year. 

18.  No.  of  100  C.P.  Incandescent  Lamps  in  operation. 

19.  No.  of  miles  of  streets  lighted  by  same. 

20.  Cost  of  same  per  night. . .  .or  per  year. 

21.  No.  of  Gas  Lamps  in  operation. 

22.  No.  of  miles  of  streets  lighted  by  same. 

23.  Cost  of  same  per  year. . .  .per  1,000  cubic  feet. 

24.  Electric     Schedule:     All    night. ..  .Moonlight.  ..  .Until     Midnight 

Special.     Gas      Schedule:      All      night Moonlight.  ..  .Until 

Midnight. ..  .Special. 

25.  What  Arc  Lighting  System  used. 

26.  How  is  C.P.  of  Arc  Lights  determined. 

27.  Is  Arc  Light  Contract  based  upon  electrical  consumption  of  lamp. 

*]Manuscript  received  April  9.  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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28.  What  contract  provision  for  testing  C.P.,  or  current  and  voltage. 

29.  What  contract  penalty  for  shortage. 

30.  Iron  or  Wooden  Lamp  Poles  used. 

31.  At  what  height  above  the  street  are  Arc  Lamps  supported. 

32.  How  are   Lamps   supported.     Fixed  on   Poles.... On   Mast-arms 

Lower  from  Span  Wires. 

3^.  Arc  Lamp  Poles  owned  by  City  or  Company. 

34.  What  Arc  Lamps  used:  Single  Carbon Double  Carbon. 

35.  What  Carbons  used:  Round Elliptical. 

36.  Arc  System:   High  Tension. ..  .Low  Tension. ..  .x\lternating. 

37.  What,  if  any,  limit  upon  number  of  Arc  Lamps  per  Circuit. 

38.  Globes  in  use:  Plain. ..  .Ground. ..  .Opal. 

39.  No.  of  Arc  Lamps:   On  Overhead  Circuits. ..  .On  Underground 

Circuits. 

40.  What  Insulation  Resistance  Tests  on  Circuits. 

41.  Are  Pole  Lines  owned  by  the  City  or  the  Company. 

42.  Are  Conduits  owned  by  the  City  or  the  Company. 

43.  Name  or  Character  of  Conduit  in  use. 

44.  Miles  of  Conduit  in  use. 

45.  Miles  of  Duct  in  use. 

46.  What  Annual  Rate  paid  City  for  Pole  Lines  or  Conduits. 

47.  What  Incandescent  Lamps  are  used. 

48.  What  System  of  Operating  Incandescent  Lamps....:   Low  Ten- 

sion....  High   Tension ....  Alternating. 

49.  How  is  the  C.P.  of  Incandescent  Lamp  determined. 

50.  What  Contract  Provision  for  testing  same. 

51.  What  Contract  Penalty  for  Shortage. 

52.  How  are  Incandescent  Lamps  supported. 

53.  How  high  above  street. 

54.  No.   of  Incandescent   Lamps   on   Overhead   Circuit.  ..  .on   Under- 

ground Circuit. 

55.  Does  City  own  the  Electric  Lighting  Plant. 

56.  If  owned  by  City — Cost  of  Electric  Light  Machinery. 

57.  Cost  of  Steam  Power  Plant. 

58.  Cost  of  Water  Power  Plant. 

59.  Cost  of  Pole  Lines  and  Wire. 

60.  Cost  of  Underground  Construction  and  Wires. 

61.  How  are  Outages  reported. 

62.  What  Deductions  are  made  from  bill  when  Outages  occur. 

63.  Character  and  Horse  power  Engines  used. 

64.  Character  and  Horse  power  Boiler  used. 

65.  Kind  of  Fuel  used. 

66.  How  are  Parks  lighted. 

It  is  certainly  most  coni]ik'te,  enil:)racing-  sixty-six  qttestions 
pertaining-  to  street  lighting.  (  )ne  thotisand  eight  hundred  and 
ninety-seven  letters  were  sent  out,  and  171  cities  repHed.  The 
committee  reported  at  the  convention  in  Chicago  last  month,  but 
as  it  was  impossible  for  the  members  of  the  committee  to  come 
together  to  formulate  the  report,  this  was  made  rather  short,  and, 
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at  my  sug-g-estion,  all  answers  received  were  tabulated  on  tracing 
cloth,  giving  the  result  of  our  labor. 

Since  the  Chicago  meeting  I  have  spent  considerable  time  in 
studying  these  tables,  and  will  now  give  you  the  benefit  of  the 
work,  including  the  Chicago  report. 

The  total  population  of  171  cities  talnilated  is  6,654,096. 

There  are  187  companies  furnishing  electric  light  in  these  171 
cities. 

Life  of  contract  varies  from  one  to  twenty-five  years.  Daven- 
port, Iowa,  has  a  twenty-five  year  contract. 

Springfield,  111.,  has  a  contract  to  furnish  light  until  the  city 
purchases  a  plant. 

Number  of  miles  of  streets  lighted  by  arc  lamps,  4,537. 

Number  of  miles  of  streets  lighted  bv  incandescent  lamps, 
356*. 

These  tabulated  sheets  show  30,802  arc  lamps  of  2,000-candle 
power  and  11,572  of  1,200-candle  power  in  operation,  and  incan- 
descent lamps  as  follows:  7,026  of  i6-candle  power,  4,718  of  32- 
candle  power,  251  of  50-candle  power,  530  of  lOO-candle  power. 

The  cost  of  arc  lighting  with  2,000-  and  1,200-candle  power 
lamps  averages  as  follows  in  the  various  states : — 

2000.  1200. 

PER  LAMP        PER  LAMP 
PER  YEAR.        PER  YEAR. 

Alabama    $109.50 

Arkansas  140.00 

Arizona 41.27 

California    129.50 

Colorado  128.00 

Connecticut    86.60                       $86.20 

Florida    90.00                         60.00 

Georgia   85.00 

Illinois  69.07                         36.00 

Indiana    69.10                         64.25 

Iowa   7991 

Kansas 91.84 

Louisiana    90.00 

Maine    45-00 

Massachusetts    148.80                         90.60 

Michigan    81.80                         67.50 

Minnesota    124.60 

Missouri    75-00                        37-78 

Montana    168.00 

Nebraska   109.33                         44.28 

New  Hampshire  90.00                         75-00 

New  York   83.00                       lOO.OO 

Ohio  75.38 
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2000.  1200. 

PER  LAMP  PER  LAMP 

PER  YEAR.  PER  YEAR. 

Pennsylvania   $90.00 

Tennessee    94.00 

Texas   100.00  $74. 16 

Vermont    78.00  65.00 

Virginia    65.70 

West  Virginia  90.00 

Wisconsin    93.00  76.25 

Washington    1 10.93 

Wyoming    162.00 

Thirty-one  states  with  an  average  of  $94.21  per  lamp  of  2,000- 
candle  power  per  year. 

Fourteen  states  with  an  average  of  $74.67  per  lamp  of  1,200- 
candle  power  per  year. 

The  average  cost  in  51  cities  for  a  2,000-candle  power  on  all- 
night  schedule  is  $93.00.  For  a  2,000-candle  power  lamp  in  57 
cities  on  the  moonlight  schedule  the  average  is  $89.98. 

For  1,200-candle  power  lamp  all  night.  14  cities,  the  average 
is  $100.00,  and 

For  1,200-candle  power  lamp  on  the  moonlight  schedule  in  15 
cities,  $68.20. 

The  cheapest  all-night  lighting  is  in  Kendalville,  Ind.,  where 
it  is  done  by  the  city  for  $30.00  per  year  for  2,000-candle  power 
lamp.  Next  comes  Bangor.  Ale.,  for  $45.00,  also  by  the  city. 
Rockford,  111.,  pays  $52.00  on  a  five-year  contract.  In  Taconia, 
Wash.,  lighting  done  by  the  city  cost  $100.00,  which  is  the  highest 
amount  paid  where  the  city  owns  the  plant. 

Cheyenne,  Wyo.,  pays  $162.00,  which  is  the  highest  sum  paid 
w^hen  lighting  is  done  by  contract. 

Minneapolis  pays  $150.00  for  the  all-night  lamp. 

Thus,  according  to  the  tabulated  information  presented,  there 
is  only  one  city  that  pays  more  for  an  all-night  2, coo-candle  power 
lamp  than  Minneapolis,  and  this  is  Cheyenne,  Wyo. 

The  average  cost  for  2,000-candle  power  lamp,  all-night  ser- 
vice, wdien  done  by  contract,  is  $106.85  (29  cities).  The  average 
cost  for  2,000-candle  power  lamp,  all-night  service,  when  done 
by  the  city,  is  $66.26  (9  cities). 

The  average  cost,  moonlight  schedule,  when  done  by  con- 
tract, is  $95.70  (24  cities);  when  done  by  the  city,  is  $56.67  (9 
cities). 

The  cheapest  by  city  is  $41.27,  Prescott,  Arizona. 

The  highest  by  city  is  $74.16,  Fort  Worth,  Texas. 
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The  cheapest  by  contract  is  $50.00,  OberHii,  Ohio. 
The  highest  by  contract,  $180.00,  Pine  Bhiff,  Arkansas. 
The  following  cities  are  furnished  2,000-candle  power  lamps 
by  their  respective  street  railway  companies  on  all-night  service:  — 
Lynchburg,  Va.,  for  $65.70. 
Milwaukee,  Wis.,  $92.00  to  $109.00. 
Ashland,  Wis.,  $132.00. 

1,200-CANDLE    POWER    LAMP    AVERAGES. 

Average  for  14  states,  as  before  stated,  $74.67. 

Average  cost  in  14  cities,  all-night  service,  $100.00. 

Average  cost  in  15  cities,  moonlight  service,  $68.20. 

The  cheapest  all-night  service  by  contract  is  $65.00,  Luding- 
ton,  j\Iich. 

The  highest  all-night  service  by  contract  is  $180.00,  New 
York  City. 

The  average  all-night  service  by  contract  is  $100.00. 

Reading,  Mass.,  is  the  only  city  that  runs  its  own  plant  on  all- 
night  service  for  $65.00. 

The  cheapest  moonlight  service  by  contract  is  $36.00,  Canton, 
111. 

The  highest  moonlight  service  by  contract  is  $90.00,  Marl- 
borough, Mass. 

The  average  moonlight  service  by  contract  is  $73.00. 

The  cheapest  arc,  only  one  service,  by  city,  is  $37.78,  Savan- 
nah, Mo. 

Menominee,  Alich.,  is  furnished  by  the  street  railway  company 
for  $70.00,  all-night  service. 

It  may  be  of  particular  interest  to  you  to  know  that  in  New 
York  City  the  electric  lighting  is  entirely  done  by  1,200-candle 
power  lamps,  with  the  exception  of  68  i6-candle  power  incandes- 
cent lamps,  lighting  three  miles,  at  $25.00  per  annum. 

1,682  lamps  at  the  rate  of  40  cents  per  night. 
924  lamps  at  the  rate  of  45  cents  per  night. 
154  lamps  at  the  rate  of  50  cents  per  night,  or  about  $180.00  per 

year. 
496  lamps  at  the  rate  of  $125.00  per  year. 

Total  3,256,  lighting  165  miles  of  street. 

Brooklyn  has  3,134  1,200-candle  power  lamps,  lighting  120 
miles,  at  $127.75  P^"^  lamp.  There  are  several  companies  and  one- 
year  contract  in  both  cities. 

The  following  cities  own  their  own  plants: — 


Cost  of 

No. 

Candle 

Cost  per 

Cost  of 

Plant  per 

^aiiips. 

Power. 

Schedule. 

Year. 

Plant. 

Lamp. 

209 

2000 

]^Ioonlight 

$41.27 

$35,000.00 

$169.00 

100 

2000 

Moonlight 

60.22 

14,000.00 

140.00 

100 

2000 

All  night 

90.00 

86,000.00 

*701.00 

300 

2000 

Moonlight 

60.00 

83,000.00 

277,00 

72 

2000 

Moonlight 

64.30 

98 

2000 

Moonlight 

46.00 

12,400.00 

126.00 

133 

2000 

All   night 

57.50 

60 

2000 

All   night 

30.00 

8,000.00 

133-00 

184 

2000 

Moonlight 

56.21 

47,000.00 

255-00 

152 

2000 

All  night 

45-00 

§35,000.00 

230.00 

158 

1200 

All  night  &S 

:.  65.00 

35,000.00 

221.00 

181 

2000 

All  night 

49-17 

32,674.00 

180.00 

1472 

2000 

All  night 

84-70 

408,680.00 

274.00 

26 

1200 

S. 

37-78 

12,000.00 

461.00 

333 

2000 

Moonlight 

66.00 

92,000.00 

276.00 

75 

2000 

Moonlight 

45-50 

21,000.00 

280.00 

58 

2000 

Moonlight 

42.00 

216 

2000 

All  night 

75-00 

100,000.00 

463-00 

112 

2000 

All  night 

18,000.00 

ti6o.oo 

100 

2000 

Moonlight 

21,000.00 

210.00 

700 

2000 

All  night 

100.00 

68 

2000 

Moonlight 

74.16 

44,000.00 

$647.00 
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Place. 
Prescott,  Arizona 
S.  Norwalk,  Conn. 
Jacksonville.  Fla. 
Bloomington,  111. 
Champaign,  111. 
La  Salle,  111 
Ottawa,  111. 
Kendalville,  Ind. 
Topeka,  Kansas 
Bangor,   Maine 
Reading,  Mass. 
Bay  City,  Mich. 
Detroit,   Mich. 
Savannah,  Mo. 
St.  Joseph,  Mo. 
Dunkirk,  N.  Y. 
Fredonia,  N.  Y. 
Hamilton,  O. 
Marietta,  O. 
Martins  Ferry,  O. 
Tacoma,  Wash. 
Fort  Worth,  Texas 

*AIso  provides  for  320,  32  C.P.  incandescent  lamps. 

fNew. 

JAlso  provides  for  400,  32  C.  P.  incandescent  lamps. 

§Water. 

The  average  cost  of  plant  per  lamp  for  2,000-canclle  power 
lamp  is  $282.00. 

Two  years  ago  I  made  plans  and  estimate  for  a  i,oooTamp, 
2,000-candle  power  plant  for  the  city  of  Minneapolis,  the  estimated 
cost,  $300,000,  including  everything,  or,  per  lamp,  $300.03. 

The  estimated  cost  of  one  lamp  per  year  was  $78.00,  which  is 
$12.00  more  than  the  average  cost  given  previously.  It  must,  of 
course,  always  be  remembered  that  where  a  city  does  its  own  light- 
ing, no  taxes  are  derived  as  in  case  a  corporation  has  a  lighting 
contract,  so  a  certain  percentage  should  be  at  least  mentahy  con- 
sidered when  comparisons  are  made. 

INCANDESCENT    LIGHTING. 

Some  twenty  cities  use  incandescent  lights,  partly  alone  and 
partly  with  arc  lighting. 

Jacksonville,  Fla.,  has  320  32-candle  power  lamps,  all  night, 
at  $15.00  per  year,  and  Fort  Worth,  Texas,  has  396  32-candle 
power  lamps,  moonlight,  at  $9.27  per  year.  These  two  cities  own 
their  own  plants.  The  average  price  is  about  $20.00  per  year  for 
32-candle  power  lamps. 
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Seattle  has  666  15-candle  power  lamps,  for  50  miles  of  street, 
at  $21.60  for  all-night  service. 

Pittsburg,  Kan.,  has  800  i6-candle  power  lamps  at  $9.60,  all- 
night  service. 

St.  Louis,  Mo.,  has  "^,094  30-can(lle  power  lamps  from  $17.20 
to  $26.00,  all-night  service. 

STREE'I    LIGHTING. 

The  street  lighting,  as  it  is  done  to-day  in  the  following  large 
cities,  is  of  interest: — 

New  York  has  3,256  1,200-candle  power  arc  lamps  at  $125 
to  $180  per  year^  lighting  165  miles  of  street. 

New  York  has  68  i6-candle  power  incandescent  lamps  at 
$25.00  per  year,  lighting  three  miles  of  street. 

New  York  has  25,453  gas  and  naphtha  lamps  at  $12.00  to 
$28.00  per  year,  lighting  457  miles  of  street.  One-year  contract. 
Total,  625  miles. 

Brooklyn  has  3,134  1,200-candle  powder  arc  lamps  at  $127.75 
per  year,  lighting  120  miles  of  street. 

Brooklyn  has  13,851  gas  lamps  at  from  $18.25  to  $28.00  per 
year,  lighting  150  miles  of  street.  One-year  contract.  Total,  270 
miles. 

St.  Louis  has  2.241  2,000-candle  power  lamps  at  $74.95,  400 
miles;  3,094  30-candle  power  incandescent,  $17.20  to  $26.00,  137.66 
miles;  1,054  gas  lamps  at  $37.00,  31.91  miles.  Nine-year  contract. 
Total,  569.57  miles. 

Philadelphia  has  6,361  2,000-candle  power  lamps  at  $128.04, 
129  square  miles;  17,808  gas  lamps,  of  which  now  13,626  are 
lighted  free  by  the  city  (whole  city  lighted).  One-year  contract 
for  electric  lights.     The  city  owns  the  gas  plant. 

Chicago  has  37,846  gas  lamps,  11,309  gasoline  lamps,  194  oil 
lamps,  1,611  2,000-candle  power  electric  lamps,  at  a  total  cost  of 
$1,022,545.69,  lighting  somewhat  over  1,000  miles  of  its  streets. 

Chicago  operates  and  owns  about  1,100  arc  lamps  itself.  Chi- 
cago is  not  in  the  report,  as  no  information  could  be  obtained. 
The  above  statistics  I  have  taken  from  the  1895  municipal  reports 
of  Chicago. 

$4,288,207.19  is  the  total  amount  expended  for  arc  lighting. 

$180,450.32  is  the  total  amount  expended  for  incandescent 
lighting. 

This  tabulated  report  shows  that  81  cities  use  the  all-night 
schedule,  23  the  moonlight,  22  midnight,  and  25  special. 

The  following  arc  systems  are  used : — 
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Axnoux     I  j  Shuyler    5 

Helious   I   Standard   6 

Remington    i    Westinghouse    7 

Wagner  1   Western  Electric 8 

Van  de  Pole i    Fort  Wayne 10 

Siemens  &  Halske i   Wood    14 

Edison    3    Brush    20 

American    3    Thomson-Houston    27 

The  following  incandescent  lamps  are  used: — 

Sawyer-Man    i  Warren  &  Columbian   I 

Davis   I  Bernstein    4 

Twing    I  Til. -II    5 

Diamond    i  Edison  14 

Sunbeam    li 

The  following  engines  are  used: — 

ICorliss   21  Armington  &  Sims  I 

Ideal    3  Rice    I 

Automatic   4  Mackintosh  &  Seymour  i 

Russel    7  Westinghouse    3 

.Buckeye   4  Taylor    I 

High  Speed  7  Davis  &  Thompson i 

Triples   3  Dick  &  Church   i 

Ball  4  Fraser  &  Chalmers  i 

Twenty-nine  cities  report  no  method  of  determining  the  can- 
dle power  of  arc  lights,  and  53  report  as  having  a  method,  but  do 
not  explain  it. 

There  are  86  cities  that  l)ase  their  arc  light  contracts  on  the 
lamp,  and  three  on  electrical  consum])ti()n. 

Only  T,~  cities  have  a  contract  provision  for  testing  candle 
power. 

Only  18  cities  have  a  contract  ]:)cnalty  f(^r  shortage. 

Eighteen  use  iron  and  [46  use  wooden  poles. 

Arc  lights  are  supported  at  heights  that  vary  from  8  to  50 
feet.     Only  one  city  8  feet;  most  have  25  to  30  feet. 

Four  towns  have  arc  lights  supjjorted  on  towers  from  125  feet 
to  175  feet. 

Sixty-eight  cities  support  arc  lights  on  poles. 

Sixty-five  cities  on  mast  arms  and  117  lowered  from  span 
wares. 

Sixty-two  cities  use  the  single  and  108  the  double  carbon 
lamps. 

Ninety-two  cities  use  the  high,  14  the  low  tension,  and  17 
alternating  arc  lamps. 

Circuits  carry  various  numl)ers  of  lamps,  ranging  from  25  as 
a  minimum  to  125  as  the  maxinnun. 

There  are  128  cities  using  plain,  28  ground,  and  8  opal  globes. 
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SDringfield,  111.,  gets  25  cents  per  pole. 

Davenport,  Iowa,  50  cents  per  pole. 

Fort  Madison,  Iowa,  2I  cents  per  pole. 

Rockford  owns  the  pole  line,  and  gets  30  cents  per  pair  of 
wires  on  each  pole. 

Philadelphia  receives  $1.00  per  pole  per  annum  and  $300  per 
annum  for  first  mile  of  conduit,  $250.00  per  annum  for  second  mile 
of  conduit,  and  $200  for  each  fraction  and  mile  over  two  miles. 

Outages  are  reported  in  68  cities  by  the  police,  in  17  by  citi- 
zens, in  10  by  inspectors  and  trimmers,  and  6  have  no  system  of 
reporting. 

One  himdred  and  thirty-four  cities  use  round  carbon  and  15 
"elliptical." 

The  total  expense  of  lighting  these  159  towns  and  cities 
amounts  to  $4,468,657.51.     Chicago  not  included. 

Twelve  cities  do  not  give  cost  of  lighting. 

Minimum  cost  for  lighting  (arc),  $600.00  per  year,  Idaho 
Springs,  Col. 

Maximum  cost  of  lighting  (arc)  per  year,  $486,444,  New  York 
City. 

Minimum  cost  of  lighting  (incandescent),  $18.00.  Montpelier, 
Vt.,  one  lamp  of  32-candle  power. 

Maximum  cost  of  lighting  (incandescent),  $66,830,  St.  Louis, 
Mo. 

Minimum  cost  of  light  per  year,  $864.00,  Nebraska  City,  Neb., 
arc  and  incandescent  lamps. 

Maximum  cost  of  light  per  year,  $488,144,  New  York  City, 
arc  and  incandescent  lamps. 

The  smallest  town  heard  from  was  Savannah,  Mo.,  with  a 
population  of  1,288. 

The  largest,  New  York,  with  a  population  of  1,515,301,  census 
of  1890. 

One  of  the  most  interesting  cases  (before  referred  to)  is  the 
city  of  Springfield,  111.  As  the  city  was  indebted  to  the  legal  limit 
and  unable  to  raise  funds  sufficient  without  incurring  further  debt, 
and  wished  to  own  its  own  plant  for  lighting,  the  Mayor  made 
an  agreement  with  a  syndicate  of  local  capitalists,  the  latter  to 
build  the  plant,  the  city  to  pay  for  the  arc  lamps  $113.33  P^^* 
annum,  moonlight  schedule. 

The  difference  between  $133.33  ^"'^^  $60.00  is  to  be  applied 
to  the  future  purchase  of  the  plant  by  the  city.  The  item  of  $60.00 
is  the  price  agreed  upon  as  the  maximum  cost  of  procuring  one 
arc  lamp  per  year,  the  syndicate  to  furnish  the  current,  free  of 
cost,  of  450  i6-candle  power  lamps,  alternating  incandescent,  for 
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lighting  the  pubHc  buildings  of  the  city,  the  city  in  turn  furnishing 
the  syndicate  water  free  of  cost,  for  steam  purposes.  The  syn- 
dicate also, does  an  extensive  commercial  business,  both  arc  and 
incandescent.  The  city  is  supposed  to  receive  25  per  cent,  of 
the  gross  receipts  of  this  business,  to  be  applied  toward  the  pur- 
chase of  the  plant. 

The  following  suggestions  might  be  made  as  to  the  best 
method  of  street  lighting: — 

For  densely  populated  cities  and  districts,  two  lamps  in  series, 
placed  side  by  side  on  no  volts  incandescent  circuit,  "conduit 
work"  is  probably  the  most  desirable.  For  sparsely  settled  dis- 
tricts, the  series  system  with  aerial  lines  is  most  economical  and 
satisfactory.  All  arc  lighting  ought  to  be  done  in  continuous 
current.  The  maximum  number  of  arcs  on  a  string  is  200,  as  this 
would  give  about  10,000  volts.  From  point  of  economy  and  as 
an  ideal  plant,  the  slow  speed  (130  revolutions)  engine,  with  dy- 
namos running  from  shaft,  would  be  recommended. 

For  good  results,  and  next  best  to  recommend,  would  be  a 
pair  of  arc  machines,  connected  to  a  high  speed  engine,  giving 
a  total  number  of  arcs  of  400. 

Conduit  work  should  be  used  only  where  it  is  absolutely  nec- 
essary, as  trouble  is  caused  continually  from  short  circuiting. 

The  trouble  with  cable  work  in  conduits  is  that,  in  the  first 
place,  the  highest  degree  of  insulation  must  be  adopted  to  pre- 
vent leakage  and  danger  from  this  source.  This  high  method  of 
insulation  necessarily  creates  another  danger,  to-wit:  the  creation 
of  electrostatic  charges,  which  is  liable  to  destroy  the  cable  and 
interfere  with  the  service,  and  the  fact  is  that  to-day  nothing  is 
absolutely  safe. 

Concentric  paper  cables  have  the  least  electrostatic  capacity, 
but  even  then  a  great  deal  of  trouble  is  caused  from  puncturing. 
It  is  a  well-known  fact  that  in  the  underground  work  in  London, 
where  cables  are  suspended  in  the  tunnels,  punctures  are  caused 
by  rats  smelling  the  cable.     The  rat  is  killed. 

The  London  Deptford  Station  has  to  be  shut  down  quite 
frequently  on  account  of  trouble  of  this  sort. 

I  personally  believe  that  the  best  conduit  has  not  as  yet  been 
made,  but  that  when  Mr.  Ransom,  of  Chicago,  perfects  his  idea 
of  making  the  conduit  in  one  body  of  concrete,  as  he  is  making 
ducts  for  carrying  water  and  sewage,  I  believe  that  his  will  be 
the  nearest  to  perfection. 

Not  being  an  expert  in  electricity,  I  simply  advance  the  above 
ideas  from  knowledge  and  information  that  I  have  been  able  to 
obtain  upon  the  subject. 


ARTIFICIAL  LIGHTING.  z^i 


ARTIFICIAL   l.KiHTIXa. 


By  George  D.   Shepardson,  M.E.,  Member  of  tpie  Engineers'   Club 

OF  Minneapolis. 


[Read  before  the  Club,  December  29,   1896.*] 
Part  I. — Outline  of  the  History  of  Lighting. 

The  subject  of  artificial  lighting  is  one  whose  importance  to 
any  nation  or  people  is  commensurate  with  their  civilization.  The 
savage  may  retire  with  the  fading  daylight,  but  with  civilization 
comes  the  desire  to  prolong  the  hours  of  business  and  of  social  en- 
joyment. The  production  of  a  satisfactory  light  is  a  problem  of 
universal  importance,  and  the  business  of  supplying  light  is  one  of 
enormous  magnitude.  England  alone^  requires  eleven  million 
tons  of  coal  annually  for  the  manufacture  of  illuminating  gas,  and 
the  annual  exports  of  mineral  oil  from  the  United  States  amount  to 
more  than  fifty  million  dollars.  The  rapid  development  of  electri- 
cal science  and  industries  is  largely  a  result  of  the  demand  for  bet- 
ter and  cheaper  light.  Conversely,  the  recognized  advantages  of 
arc  and  of  incandescent  lamps  have  greatly  stimulated  rival  meth- 
ods of  illumination. 

Artificial  lighting  is  of  great  antiquity.  A  number  of  passages 
in  the  Bible  indicate  an  early  acquaintance  with  candles  and  lamps. 
Genesis-  contains  an  account  of  Abram  (cir.  1913,  B.  C.)  seeing  a 
smoking  furnace  and  a  burning  lamp.  Candles  are  mentioned 
several  times  in  Job.  The  tabernacle^  (cir.  1491,  B.  C.)  contained 
an  elaborate  candlestick  with  seven  lamps^  burning  pure  olive  oil. 
Herodotus^  (cir.  450,  B.  C.)  describes  Eg3'ptian  lamps  having 
wicks  floating  in  vessels  filled  with  olive  oil  and  salt.  The  Greeks'* 
and  Romans  used  tallow  and  wax  candles  with  rush  wicks.  Their 
early  lamps  were  of  unglazed  pottery  with  one  hole  for  the  wick  of 
flax-tow  or  rushes.  Sometimes  these  lamps  were  of  highly  orna- 
mented metal,  having  from  one  to  twelve  wicks.  In  the  time  of 
Homer^  (cir.  1000,  B.  C.)  lighted  torches  were  used  for  nocturnal 
excursions.  Lanterns  and  torches  were  carried'^  by  the  Jews  and 
Romans  who  arrested  the  Saviour.  Elaborate  lanterns  with  horn 
chinmeys  were  owned  by  the  Romans.     Their  torches^  were  ropes 


*Manuscript  received  May  7,  1897. — Secretary  Ass'n  of  Eng.  Socs. 
^Am.  Gas  Light  Jour.,  LX;  618,  Apr.  30,  1894. 

-Gen.  XV:  17.  "Smith  Diet.  G.  &  R.  Antiq.  236. 

'Exodus  XXV:  31.  'Diet.  G.  &  R.  Antiq.  236. 

^Ex.  XXVII:20.  7ohnXVIII:3. 

"Herod.  II:  62.  "Fosbroke  Enc.  Antiq.  I:  2,^2,  469. 
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impregnated  with  inflammable  materials.  Ptolemy  built  a  light- 
house^°  at  Pharos,  the  site  of  Alexandria,  Egypt,  about  300,  B.  C, 
with  a  tower  450  feet  high  surmounted  by  a  fire  of  burning  wood 
that  could  be  seen  for  forty-two  miles.  At  an  early  date  the 
streets  of  Antioch  were  lighted  at  night,  and  probably  those  of 
Rome  also. 

After  the  fall  of  the  Roman  Empire,  little  progress  was  made 
imtil  near  the  close  of  the  eighteenth  century.  Public  lighting  of 
streets  seems  to  have  been  abandoned  until  about  1770,  A.  D., 
when  lanterns  containing  oil  lamps^^  were  used  in  some  of  the 
streets  of  Paris,  the  first  modern  city  to  adopt  this  means  of  dimin- 
ishing the  frequency  of  robbery  and  murder. 

Until  about  1780,  the  candle  and  the  ancient  oil  lamp  with 
round  wick  were  the  only  means^^  of  artificial  lighting.  In  1783 
Leger  used  a  flat  wick  instead  of  a  round  one.  The  marked  im- 
provement in  the  combustion  and  brilliancy  of  its  light  led  Ar- 
gand^^  to  carry  the  idea  further.  About  1784,  he  brought  out  his 
cylindrical  burner  in  which  the  combustion  of  the  oil  was  im- 
proved by  the  central  draught.  This  seems  to  mark  the  distinction 
between  ancient  and  modern  lighting.  In  1803,  Carcel  brought 
out  a  lamp  with  clockwork  for  feeding  heavy  oils  by  pressure,  thus 
enabling  the  use  of  heavy  vegetable  oils.  The  "moderator"  lamp 
of  Franchot,  in  1836,  was  much  stronger  than  any  of  its  predeces- 
sors. 

Petroleum  in  different  forms  has  been  known  and  used  since 
the  earliest  days  of  the  human  race.  From  time  immemorial  it 
has  been  used  in  China^*  for  lighting  towns  near  oil  springs  and 
deep  wells.  The  ruins  of  Nineveh  and  Babylon  attest  the  accuracy 
of  the  account  in  Genesis  xi:  3,  that  slime  (asphalt)  was  used  (cir. 
2350,  B.  C.)  as  mortar  in  large  edifices.  The  account  in  Job  xxix: 
6,  mentions  "the  rock  pouring  out  rivers  of  oil."  Near  the  Cas- 
pian Sea,  oil  springs  have  been  flowing  for  certainly  more  than 
2500  years. ^""^  At  a  temple  of  the  Parsee  fireworshippers  near  Baku 
on  the  Caspian  Sea,  a  bluish  flame  has  burned  continuously  for 
centuries  without  human  care,  the  gas  coming  from  natural 
sources.  Herodotus^^  (cir.  450,  B.  C.)  mentions  that  licjuid  bitu- 
men was  found  on  Zacynthus,  one  of  the  Ionian  Islands.  This 
was  one  ingredient  of  the  much  feared  Greek  fire.     Pliny  (23-79, 
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A.  D.),  and  Dioscorides^'^  (cir.  150,  A.  D.?)  state  that  at  Agrigen- 
ttim  in  Sicily,  the  oil  floating  upon  the  water  of  a  spring  was  col- 
lected upon  reeds  and  burned  in  lamps,  and  used  for  horse  lini- 
ment. Petroleum  has  been  collected  on  the  surface  of  certain 
wells  in  the  northern  part  of  Italy  since  1640.  Natural  gas  was 
used^^  at  Wigan,  Great  Britain,  in  1667. 

Petroleum  has  been  found  in  America  since  prehistoric  times. 
Indisputable  evidence^''  shows  that  certain  oil  springs  in  Pennsyl- 
vania, Ohio  and  Canada  were  opened  500  to  1000  years  ago.  The 
first  written  account^"  of  an  oil  spring  in  America  was  by  a  French 
missionary  who  visited,  in  July,  1627,  the  one  at  what  is  now  Cuba, 
Allegany  county,  New  York.  The  Seneca  Indians  skimmed  the 
oil  from  the  surface  of  a  large  pool  and  used  it  as  a  liniment. 
Later  this  was  sold  to  the  whites  as  "Seneca  oil,"  "rock  oil,"  or 
''coal  oil."  Considerable  oil  was  obtained'-^  from  a  well  dug  near 
Marietta,  Ohio,  in  18 19,  and  was  used  locally  for  lighting.  The 
disagreeable  odor  caused  it  to  be  considered  a  nuisance  rather  than 
a  valuable  commodity.  Flowing  springs  and  wells  were  found  in 
"\Vest  Virginia  at  an  early  date.  The  town  of  Fredonia,  in  western 
New  York,  was  illuminated  by  natural  gas  in  1821  and  attracted 
great  attention.  About  1835  natural  gas  was  found  near  Gam- 
bier,  Ohio,  where  it  has  been  used  continuously  for  many  years  in 
the  manufacture  of  lampblack.  The  petroleum  business  did  not 
assume  any  considerable  magnitude  in  America  until  i860.  In 
1859,  crude  petroleum  sold"  at  $20.00  a  barrel.  The  following 
year  the  new  wells  in  Northwestern  Pennsylvania  put  200,000  bar- 
rels upon  the  market,  and  the  price  fell  to  $10.00  per  barrel,  going 
down  to  50  cents  in  April,  1861.  In  June,  1861,  the  first  flowing 
well  was  struck  and  spouted  300  barrels  per  day.  Soon  a  third 
w-ell  began  spouting  3,000  barrels  per  day,  and  oil  dropped  to  10 
cents  per  barrel,  an  empty  barrel  being  worth  fifteen  times  as  much 
as  the  oil  it  would  hold.  In  less  than  a  year,  1,500,000  barrels  of 
oil  were  produced  along  Oil  Creek  in  Pennsylvania,  more  than  half 
of  it  running  to  waste.  Some  wells  yielded  their  owners  $15,000 
income  per  day.  Prices  fluctuated  greatly  and  rapidly.  Since 
1869,  the  price  has  steadily  dropped  from  $7.00  per  barrel  and, 
since  1878,  has  been  below  $2.00  per  barrel,  most  of  the  time  being 
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below  a  dollar.  Immense  quantities  of  petroleum  products  are 
shipped  from  America,  the  export  trade  exceeding  the  home  con- 
sumption. From  1864  to  1890,  the  petroleum  exports--^  aggre- 
gated $1,043,474,435;  664,500,000  gallons  of  mineral  oil  were  ex- 
ported in  1890,  with  a  valuation  of  $51,403,000. 

Outside  of  the  United  States  the  principal  petroleum  fields  are 
in  .Burmah  and  near  the  Caspian  Sea.  The  latter  regions  were 
taken  from  Persia  by  Russia  in  1806,-*  but  were  not  developed 
until  1872,  after  Russian  engineers  had  been  sent  to  America  to 
investigate  our  methods.  Upon  their  return  the  fields  about 
Baku  were  rapidly  opened,  and  the  number  of  wells  increased  from 
one  in  1871  to  400  in  1883.  The  production  in  1885  was  420,000,- 
000  gallons  of  crude  oil. 

When  petroleum  and  its  numerous  derivatives  became  cheap 
enough  for  ordinary  lighting,  various  forms  of  burner  were  in- 
vented. The  flat  and  Argand  burners,  previously  used  for  animal 
and  vegetable  oils,  were  easily  adapted  for  kerosene.  The  modi- 
fied Argand  burner  of  the  student  lamp  and  the  more  recent  and 
powerful  "Electric"  and  "Rochester"  burners  are  sufficiently  fa- 
miliar. Numerous  forms  of  burner  are  extensively  employed  for 
lighting  with  gasolene  and  naphtha.  All  of  the  latter  heat  the 
liquid  and  convert  it  into  vapor  before  burning.  After  the  vapor 
has  been  generated,  it  may  be  burned  with  almost  any  form  of  tip 
suitable  for  ordinary  gas.  In  the  common  form  of  plate  burner, 
the  vapor  issues  from  a  needle-pointed  orifice  and  strikes  a  curved 
plate,  which  spreads  it  out  into  a  flat  flame. 

Although  natural  gas  is  generally  found  in  connection  with 
oil  wells,  it  was  not  developed  extensively  until  1882,  when  large 
gas  wells  were  struck  in  western  Pennsylvania,  followed  soon  after 
by  New  York,  Ohio,  West  Virginia  and  Indiana.  The  gas  com- 
monly had  a  pressure  of  100  to  325^^  pounds  per  square  inch,  'n 
one  instance  rising  as  high  as  750  pounds.  The  natural  gas  caused 
the  rapid  growth  of  many  towns  and  revolutionized  several  indus- 
tries, being  found  much  more  economical  and  more  easily  man- 
aged than  any  other  form  of  fuel.  While  the  pressure  is  diminish- 
ing in  many  places,  the  supply  promises  to  last  for  years. 

Artificial  gas  was  first  distilled"*'  from  coal  in  1688  by  Dr. 
Clayton,  of  England.  In  1750  Bishop  Watson  conveyed  gas  in  pipes 
to  some  distance.  In  1792  a  Mr.  Murdock  lighted  his  house  and 
office  at  Redruth,  Cornwall,  England,  with  coal  gas.     In  1798  he 
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lighted  some  shops  at  Soho.  In  1802  M.  Lebon-'^  Hghted  his  own 
house  and  proposed  to  hght  the  streets  of  Paris.  In  1803  one  of 
the  theatres  of  London  was  Hghted  by  gas.  About  1807,  Pall 
Mall  in  London  was  lighted.  English  Parliament  chartered  the 
first  gas  company  in  1810.  The  first  large  installation  of  street 
gas  lights  was  in  18 13  on  the  Westminster  bridge  in  London.  In 
181 5  the  streets  of  Paris  and  London  were  lighted  by  gas.  Bal- 
timore in  1816,  Boston  in  1820,  and  New  York  in  1825  were  the 
first  American  cities  to  adopt  gas. 

The  earliest  type  of  gas  burner  was  the  "cockspur"  with  three 
jets  which  gave  long  and  unstable  flames  affected  by  the  slightest 
atmospheric  movement.  The  batswing  burner^^  having  a  slit 
aperture  and  giving-  a  flat  fan-like  flame,  was  introduced  about 
1816.  The  fishtail  burner,  with  two  orifices  at  an  angle  of  60°  so 
that  the  jets  cross  and  flatten,  was  invented  about  1822,  These 
burners  gave  a  much  more  steady  flame,  besides  being  more  effi- 
cient. Later  improvements  have  increased  the  efficiency  of  the 
fishtail  burner  from  1.66  to  3.09  candle  power  per  cubic  foot  of  gas 
burned  per  hour,  while  the  batswing  has  improved  from  3.01  to 
4.0  candles.  The  efficiency  varies  greatly  with  the  adjustment  and 
the  pressure.  For  every  form  of  burner  there  is  one  pressure  at 
which  it  will  yield  greatest  economy.  In  a  given  case,  a  fishtail 
burner  gave  3  candle  power  per  cubic  foot  with  gas  at  a  pressure  of 
0.5  inches  of  water,  but  only  i.ii  candle  power  at  3.0  inches  pres- 
sure. Between  80  and  90  per  cent,  of  the  burners  used  in  England 
are  of  the  ordinary  type  of  brass-cased  fishtails. 

The  Argand  burner,  brought  out  in  1784  for  oil  lamps,  has 
been  used  for  gas  with  many  modifications.  It  gives  more  light 
than  flat  flame  burners  using-  the  same  amount  of  gas,  but  has 
the  disadvantage  of  requiring  a  glass  chimney.  A  number  of  re- 
generative or  recuperative  gas  lamps  have  been  invented  with  a 
view  to  increasing  the  efficiency  of  the  flame,  by  heating  the  gas 
or  the  air  or  both  before  combustion.  The  principal  burners  of 
this  type  were  by  Siemens,-^  Wenham-^  and  Schulke.^°  The  rela- 
tive efficiencies  of  these  burners''^  is,  that  with  equal  rate  of  burn- 
ing gas,  a  flat  flame  burner  gives  14  candle  power,  Argand  17, 
Schulke  about  30,  Wenham  35,  and  Siemens  about  40  candle 
power. 
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In  order  to  appreciate  the  reasons  for  the  next  development, 
it  is  necessary  to  consider  the  real  source  of  the  light  of  the  candle, 
oil  lamp  and  the  common  forms  of  gas  burner.  The  flame  is  a 
colunm  of  heated  g-ases  which  carry  of¥  by  convection  80  per  cent."^ 
or  more  of  the  heat  of  combustion.  The  flame  owes  its  luminosity 
to  the  comparatively  few  particles  of  unoxidized  carbon  near  the 
burner  that  are  heated  to  incandescence  by  the  combustion  of  the 
remaining  portion.  If  combustion  were  perfect,  the  flame  would 
be  non-luminous,  as  with  the  Bunsen  burner.  The  flame  makes 
an  inefficient  furnace  and  the  incandescent  particles  utilize  only  a 
very  small  fraction  of  the  total  amount  of  heat.  Of  the  energy 
radiated  by  these  particles,  only  a  small  part  is  of  such  wave- 
length as  to  affect  the  organ  of  vision  and  give  light.  If  the  net 
efficiency  be  taken  as  the  ratio  of  the  luminous  energy  radiated  to 
the  total  energy  consumed,  the  net  efficiency  of  an  oil  or  gas  light 
varies  from  o.i  to  0.3  per  cent. 

The  recent  progress  in  gas  lighting  is  in  obtaining  complete 
combustion  of  the  gas,  and  heating  to  a  high  temperature  some  in- 
candescing substance.  The  most  familiar  of  these  is  the  calcium"^ 
or  Drummond  lig'ht,  in  which  a  point  in  a  lime  cylinder  is  heated 
white  hot  by  an  oxyhydrogen  flame,  or  by  compressed  oxygen  and 
illuminating  gas.  After  the  invention  of  the  Bunsen  burner,  many 
experimenters  attempted  to  use  it  for  lighting.  In  188 1,  Cla- 
mond^'*  heated  a  basket  of  magnesia  to  incandescence  with  a  Bun- 
sen burner.  The  basket  was  too  short-lived.  In  1882,  Victor 
Popp  heated  a  basket  of  platinum  in  a  similar  way.  In  1883,  Som- 
zee^^  obtained  a  bright  white  light  from  a  perforated  capsule  of 
lime  or  porous  magnesia  coated  with  zirconia.  In  1883,  Fahneh- 
jelm^^  heated  combs  of  magnesia  rods  held  in  an  arch  above  a  flat 
non-luminous  flame  of  water  gas.  The  combs  lasted  from  80  to 
150  hours.  This  was  used  to  a  considerable  extent  in  America. 
In  1890,  Fahnehjelm  made  his  pencils  more  durable  by  mixing 
magnesia  with  oxides  of  chromium,  wolfram,  manganese,  cobalt, 
nickel  or  copper,  singly  or  mixed.  In  1891,  Haitinger  used  alum- 
ina and  oxide  of  chromium  or  of  manganese,  intimately  mixed 
mechanically  and  subjected  to  a  high  temperature.  This  gave  a 
bright  warm  reddish-yellow  light.  In  1893,  Hirshfiekl''  used  a 
basket  of  sulphate  of  alumina  and  chromium  oxide. 
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The  Welsbach  burner^®  seems  to  be  the  highest  type  of  incan- 
descent gas  lamp.  Carl  Auer  von  Welsbach,  a  student  of  Profes- 
sor Bunsen,  at  the  University  of  Heidelberg,  became  interested  in 
illumination  in  1880.  His  mantle  burner  is  the  result.  He  used 
a  mantle  knit  from  fine  cotton  thread  into  a  cylinder.  This  was 
saturated  in  a  solution  of  the  salts  of  lanthanum,  zirconium  and 
yttrium.  The  cotton  was  then  burned  away,  leaving  a  fragile 
skeleton  or  basket  of  the  minerals.  Auer's  first  English  patent 
was  applied  for"°  in  1885.  The  next  year  he  obtained  another 
patent  for  using-  thorium  oxide  alone  or  with  alumina.  The  thoria 
lengthened  the  life  of  the  mantle  and  increased  the  amount  of  light 
by  20  to  30  per  cent.  Large  numbers  of  these  burners  were  placed 
upon  the  market  in  Europe  and  America.  In  this  country  they 
soon  lost  favor  and  disappeared.  About  1892,  an  improved  Wels- 
bach burner  came  out  and  is  now  meeting  with  great  success,  im- 
mense numbers  being  sold.  The  principal  improvement  is  in  the 
mantle.  The  cotton  mantle  is  saturated"  in  a  solution  of  98  per 
cent,  of  thoria  and  2  per  cent,  of  cerium.  After  the  cotton  has 
been  burned  away,  the  basket  is  dipped  in  a  weak  solution  of  caout- 
chouc or  tollodion,  in  order  to  withstand  transportation.  This 
mantle  is  suspended  over  a  Bunsen  burner  and  becomes  highly  in- 
candescent, giving  a  steady  column  of  white  light  about  3  inches 
high  and  i  inch  in  diameter.  These  give  over  60  candle  power 
with  a  consumption  of  about  2.5  cubic  feet  of  gas  per  hour. 

The  development  of  the  electric  light  is  so  recent  and  is  so 
well  known,  that  little  time  need  be  taken  to  outline  it.  The  dis- 
covery of  the  arc  light  is  usually  attributed  to  Sir  Humphry  Davy, 
who  made  a  public  exhilDition  of  it  in  1809.  There  is  evidence  that 
E.  G.  Robertson'*^  publicly  exhibited  an  arc  light  formed  between 
carbon  points  in  March,  1802.  It  is  also  claimed  that  Davy  had 
first  discovered  the  arc  in  1800. 

The  development  of  the  arc  and  of  the  incandescent  lamp  was 
somewhat  slow  on  account  of  the  great  cost  of  primary  batteries 
which  were  then  tlie  only  available  source  of  electricity.  In  1838, 
M.  Jobard,  of  Brussels,*-  published  a  description  of  an  incandes- 
cent lamp  having  a  carbon  conductor  in  a  vacuum,  in  1844,  Fou- 
cault,  of  Paris,  made  a  hand-regulated  arc  lamp,  and  the  next  year 
Wright,*^  of  England,  patented  an  arc  lamp  fed  by  clockwork. 
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Moses  G.  Farmer  lighted  his  residence  at  Salem,  Mass.,**  by  in- 
candescent electric  lamps  every  evening  during  July,  1859.  The 
dynamo  electric  machine  had  gradually  been  developing  since 
Faraday's  discovery  in  183 1,  and  in  1857  a  proposition  was  made 
by  Professor  Holmes  to  light  some  of  the  English  lighthouses  by 
arc  lights  operated  by  dynamos.  After  various  delays,  a  plant  was 
installed  at  Dungeness  lighthouse,*^  and  the  arc  light  was  first  used 
for  practical  lighting,  June  6,  1862.  French  lighthouses  were  soon 
similarly  equipped.  Various  improvements  in  the  lamps  and  ma- 
chines were  made.  In  1878,  the  Avenue  de  I'Opera  in  Paris  was 
lighted  by  arc  lamps.  In  the  same  year,  Chas.  F.  ;Brush*<^  invented 
the  dififerential  arc  lamp  which  made  it  possible  to  operate  a  num- 
ber of  arc  lamps  in  series. 

Sawyer,  Man,  Edison,  and  others  had  been  working  upon  the 
incandescent  lamp,  and  by  1880  Edison  had  a  practical  lamp.  He 
soon  began  the  construction  of  a  central  station,  and  on  September 
4,  1882,  the  Pearl  Street  Station  began  supplying  current  for  com- 
mercial lighting  by  incandescent  lamps. 

Since  that  time  the  business  has  grown,  until  in  1896  there  are 
in  the  United  States  2,500  electric  light  stations,  200  municipal 
plants,  and  7,500  isolated  plants  representing  an  invested  capital 
of  not  less  than  $500,000,000.  There  are  about  500.000  arc  lamps 
in  use,  consuming  200,000,000  carbons  annually,  while  from  50,000 
to  75,000  incandescent  lamps  are  made  daily  to  supply  necessary 
renewals  and  extensions. 

The  subject  of  artificial  lighting  is  therefore  one  of  vast  im- 
portance and  we  will  next  give  some  attention  to  some  of  the  un- 
derlying principles. 

Part  II. — Light  and  Lighting. 

Light  and  lighting  should  be  considered  both  from  a  physical 
and  from  a  physiological  standpoint.  The  sensation  of  light  is  the 
effect  of  vibrations  of  certain  wave  lengths  upon  a  sensitive  portion 
of  some  organism.  So  far  as  present  purposes  are  concerned,  it  is 
their  effect  upon  the  eye  of  a  person  or  animal.  Objects  are  seen 
only  as  they  send  waves  of  light  to  an  eye.  They  may  emit  various 
kinds  of  vibrations  or  waves  and  of  widely  differing  wave  lengths. 

Vibrations  which  affect  the  human  eye  are  of  a  limited  range, 
the  longest  rays  at  the  red  end  of  the  spectrum  having  a  length  of 
about  I  micron  or  o.ooi  millimeter,  and  making  about  300,000,- 


■"Pope,  Evolution  of  Incandescent  Light,  p.  20. 

^'Dredge  Elec.  III..  1 :  124.  *'EIec.  World,  XXV:  260. 
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000,000,000  vibrations  per  second,  while  the  short  rays  at  the  ex- 
treme lavender  end  of  the  spectrum  have  a  wave  length  of  0.36 
micron,  or  0.00036  millimeter,  and  make  about  800,000,000,000,000 
vibrations  per  second.  Rays  of  a  much  shorter  wave  length 
affect  photographic  plates,  the  ultra-violet  photographic  rays  hav- 
ing a  length  of  0.185  micron,  or  0.000185  millimeters.  At  the 
other  end  of  the  visible  spectrum,  heat  rays  may  be  found  with 
wave  lengths  at  least  30  microns,  or  0.3  millimeter.  The  range  of 
the  human  eye  is  therefore  only  about  fifteen-thousandths  of  the 
range  of  the  spectrum  perceptible  by  photographic  and  calori- 
metric  methods.  Using  a  musical  analogy,  the  human  eye  is  sen- 
sitive through  a  range  of  only  about  one  octave;  that  is,  the  longest 
waves  have  only  about  twice  the  length  of  the  shortest  waves 
affecting  the  eye. 

The  human  ear  is  sensitive  through  a  much  wider  range.  The 
human  voice  has  a  range  from  the  lowest  "A"  of  the  Jubilee 
Singers,  with  fifty-five  vibrations  per  second,  to  the  highest  "A"  of 
Yaw,  with  1760  vibrations.  The  human  ear  is  sensitive  at  the 
lower  limit  to  sound  vibrations  having  a  frequency  of  16  per 
second  and  a  wave  length  of  21,350  millimeters,  or  70  feet,  and 
at  the  upper  limit  to  sounds  of  about  50,000  vibrations  with 
wave  lengths  of  7  millimeters,  or  about  0.27  inch.  At  present 
it  is  not  possible  to  compare  the  eye  and  ear  with  reference  to  the 
range  of  intensity  of  perceptible  stimulus,  since  the  science  of 
sound  is  not  yet  so  far  advanced  as  to  have  units  and  methods  for 
measuring  intensity.  The  range  of  the  human  ear  from  the 
faintest  whisper  of  the  telephone  to  the  boom  of  a  cannon  is  cer- 
tainly very  wide.  But  the  human  eye,  by  the  combined  adjust- 
ments of  the  retina  and  of  the  iris,  can  perceive  lights  of  intensity 
varying'*'  in  the  ratio  of  i  to  1,000,000,000,000,000,  or  of  i  to  10^^ 
That  this  is  a  reasonable  figure  is  seen  by  the  fact  that  a  rash  per- 
son will  sometimes  look  directly  at  the  sun  for  a  few  seconds,  while 
on  the  other  hand  he  may  be  able  to  see  the  light  of  a  single  candle 
on  a  dark,  clear  night  at  a  distance  of  one  mile  or  more. 

While  the  human  eye  is  able  to  perceive  lights  of  so  widely  dif- 
fering intensity,  it  must  be  remembered  that  two  such  lights  can- 
not be  seen  at  the  same  time,  for  both  the  iris  and  the  retina  adjust 
themselves  for  the  strongest  light  in  the  field  of  vision.  Various 
experimenters  have  found  that  one  light  becomes  invisible  in  the 
presence  of  another  when  the  ratio  of  their  intensities  is  greater 
than  from  i  164  to  i  1190,  the  ratio  varying  according  to  the  inten- 


'Langley,  "Philosophical  Magazine,"  ser.  v,  vol.  27,  p.  22. 
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sity  of  the  stronger  light.  As  examples  of  this  may  be  cited  the  fact 
that  the  stars,  which  shine  continuously,  are  invisible  in  the  day- 
time unless  one  shields  his  eyes  from  the  daylight.  When  one's 
eyes  have  been  exposed  to  a  strong  light,  some  time  is  required  for 
the  iris  and  retina  to  adjust  themselves  to  a  comparatively  weak 
light.  For  example,  if  one  is  coming  in  from  the  open  air  where 
the  sun  was  shining  on  the  snow,  the  interior  of  a  well-lighted 
house  seems  quite  dark  for  some  seconds  until  the  eye  has  accom- 
modated itself  to  the  less  intense  illumination;  conversely,  one  is 
more  or  less  blinded  for  some  time  when  going  out  into  the  strong 
sunlight.  The  action  of  the  iris,  or  curtain  of  the  eye,  in  opening 
or  closing  to  regulate  the  amount  of  light  received  is  familiar  to  all, 
being  most  prominent  in  the  eye  of  the  common  cat.  The  action 
of  the  retina  is  not  so  commonly  understood.  The  parts  of  the 
retina  are,  as  it  were,  stunned  by  the  action  of  intense  light,  as 
shown  by  the  transient  rings  of  light  frequently  noticed  after  clos- 
ing the  eye  or  coming  in  from  exposure  to  a  strong  light.  A  sim- 
ilar phenomenon  is  observed  by  looking  steadily  for  a  few  seconds 
at  the  filament  of  an  incandescent  lamp,  after  which  a  bright  image 
of  the  filament  will  remain  in  the  eye  for  a  considerable  period. 
The  varying  sensitiveness  of  the  retina  is  also  noticed  when  coming 
into  a  comparatively  dark  room  after  being  in  a  much  stronger 
light;  as  time  elapses  the  retina  becomes  more  and  more  sensitive, 
so  that  objects  at  first  invisible,  or  seen  only  in  dim  outline,  become 
gradually  more  distinct  in  detail.  After  being  exposed  to  very 
strong  light,  as  much  as  an  hour  may  be  required  before  the  eye 
becomes  highly  sensitive  to  feeble  lights. 

The  energy  of  light  is  easily  reducible  to  other  forms  of 
energy,  most  conveniently  into  heat.  By  means  of  the  bolometer 
Professor  S.  P.  Langley  has  investigated^^  the  sensitiveness  of  the 
eye  in  different  parts  of  the  spectrum,  and  finds  that  the  amount 
of  light  energy  required  to  affect  the  eye  so  that  one  can  distin- 
guish whether  a  light  is  present  or  not,  is  almost  inconceivably 
small.     The  following  table  gives  part  of  his  results: 

Wave  length  Reciprocal 

Color.                                  (microns).  of  ergs.                         Horse-power. 

Violet    0.40  1,500,000  0.00000000000000018000 

Green    0.55  360,000,000  0.0000000000000000007s 

Scarlet    0.65  1,600,000  0.00000000000000017000 

Crimson   0.78  780  0.00000000000034000000 

This  table  suggests  at  once  that  the  eye  is  much  more  sensitive 

^'"Phil.  Mag.,"  ser.  v,  vol.  27,  pp.  1-24.  "La  Lumiere  Electrique,"  vol. 
30,  p.  31- 
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to  some  wave  lengths  than  others.  Different  sources  of  hglit  give 
spectra  of  widely  varying  intensities.  For  example,  ordinary  gas 
light  is  largely  composed  of  red,  yellow  and  green  rays,  while  the 
light  at  the  violet  end  of  the  spectrum  is  comparatively  weak.  The 
light  of  the  arc,  on  the  other  hand,  is  comparatively  strong  in  the 
violet  end  of  the  spectrum.  For  the  purpose  of  distinguishing 
colors,  the  composition  of  the  artificial  light  should  approach  that 
of  daylight  as  closely  as  possible,  the  ability  to  distinguish  colors 
being  largely  dependent  upon  the  character  of  the  light. 

The  brightness  of  an  object  varies  directly  with  the  amount  of 
light  it  receives  and  inversely  with  its  distance  from  the  eye. 
Objects  are  visible  by  sending  light  to  the  eye.  When  the  object 
is  not  the  primary  source  of  light  it  is  seen  by  reflected  light.  By 
the  familiar  law  of  optics  the  intensity  of  a  light  varies  inversely  as 
the  square  of  the  distance,  since  the  area  of  a  shadow  varies  thus. 
When  the  light  goes  to  an  eye  and  produces  the  sensation  of  light, 
the  matter  becomes  more  complicated.  The  area  of  the  pupil  of  a 
normal  human  eye  is  about  0.7  square  centimeter'"'  when  fully  di- 
lated. If  the  light  is  very  strong,  the  iris  contracts  so  that  a 
smaller  proportion  of  the  light  striking  the  exterior  eye  enters  and 
afifects  the  retina.  The  iris  dilates  as  the  light  recedes  and  becomes 
less  intense.  After  the  iris  has  opened  fully  so  that  this  diaphragm- 
atic action  no  longer  complicates  matters,  the  amount  of  light 
striking  the  effective  external  surface  of  the  eye  varies  in  accord- 
ance with  the  familiar  law  of  inverse  square  of  the  distance.  But 
since  the  eye  is  an  optical  instrument,  having  a  lens  which  focuses 
the  image  on  the  retina,  and  since,  therefore,  the  image  diminishes 
in  size  as  the  distance  to  the  object  increases,  its  brightness  or  in- 
tensity does  not  diminish  inversely  as  the  square  of  the  distance, 
but  more  nearly  as  the  simple  distaiice.  This  is  further  compli- 
cated by  the  fact  discovered  by  Fechner^'"'  that  the  sensation  pro- 
duced in  the  eye  or  brain  is  not  simply  proportional  to  the  stimulus, 
but  follows  a  logarithmic  law. 

The  quantity  of  light  emitted  by  a  body  is  the  product  of  the 
intensity  by  the  area.  For  example,  one  bare  arc  and  another 
arc  enclosed  in  an  opal  globe  might  emit  equal  total  amounts  of 
light,  the  larger  surface  of  the  globe,  which  becomes  the  effective 
source  of  light,  offsetting  the  greater  intensity  of  the  bare  arc. 

The  time  required  for  vision  varies  according  to  the  color  and 
intensity  of  the  light  and  according  to  the  complexity  of  the  sub- 


'"Du  Bois  Reymond,  "Nature,"  May  3,  1888.  p.  15. 
^"Webber,  "Science  of  Lighting,"  pp.  17-19. 
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ject.  Mendenhall''"'^  found  that  the  automatic  action  between  brain 
and  muscle  took  about  o.i  second.  It  took  0.443  second  to  de- 
cide between  white  and  red;  0.494  second  to  decide  between  a 
triangle  and  a  circle.  Langley^^  found  that  it  took  from  0.507  to 
0.242  second  to  decide  whether  a  light  was  present  or  absent. 
Mendenhall  found  it  took  0.293  second  for  a  white  card  to  appear 
and  0.203  second  for  an  electric  spark.  The  duration  of  the  im- 
pression^^ varies  with  the  color  of  the  light,  varying  from  0.008  sec- 
ond with  strong,  yellowish,  green  light  to  about  .06  second  with 
weak,  violet  light.  It  follows  that  an  intermittent  light  may  give 
a  continuous  impression,  as  when  one  swings  a  light  rapidly  in  a 
circle.  But  unless  the  impressions  are  oftener  than  0.008  to  0.06 
second,  or  125  to  16  times  per  second,  the  eye  perceives  an  un- 
pleasant flicker.  Consequently,  with  incandescent  or  arc  lamps 
operated  by  alternating  or  pulsating  currents,  the  specific  heat  and 
mass  of  the  carbons  helps  reduce  the  variations.  The  lowest  toler- 
able limit  seems  to  be  about  25  to  30  cycles  per  second  for  incan- 
descents  and  about  40  for  arcs.  Experience  with  the  Pennock 
"volt-distributor"  shows  that  in  some  circumstances  the  frequency 
must  be  still  higher.  Pennock's  scheme  was  to  send  current 
through  ten  or  twenty  sets  of  lamps  by  means  of  a  revolving  com- 
mutator, which  should  send  current  through  one  set  at  a  time,  the 
impulses  being  so  frequent  that  no  lamp  would  have  time  to  cool 
off  from  one  impulse  of  current  until  the  next  current  heated  it 
again.  In  this  way  the  usefulness  of  the  current  was  to  be  nuilti- 
plied  ten  to  twenty  fold.  By  this  means  a  small  primary  battery 
vvould  light  a  large  house  or  propel  a  ship  across  the  ocean.  Any 
one  doubting  this  may  visit  the  electrical  engineering  museum  at 
the  University  of  Minnesota  and  examine  the  original  machine 
built  by  the  Northwestern  licensees,  according  to  directions  of  the 
inventor,  and  later  rescued  from  the  wreck  for  educational  pur- 
poses. 

Having  considered  briefly  some  general  truths  concerning 
light  and  the  eye,  we  may  turn  next  to  some  practical  applications. 
Artificial  lighting  may  be  classified  under  two  general  heads,  ac- 
cording as  it  is  desired  to  obtain  illumination  or  illumination  ap- 
pearance; in  other  words,  whether  the  objects  illuminated  by  the 
lights,  or  whether  the  lights  themselves  are  to  be  the  principal 
center  of  attention.  In  many  cases  a  combination  of  illumination 
with  illumination  appearance  is  desired,  while,  on  the  other,  illum- 

""Amer.  Jour,  of  Science,"  ser.  3,  vol.  2,  p.  156. 
"""Philosophical  Mag.,"  ser.  5,  vol.  27,  p.  22. 
■"Ferry,  "Amer.  Jour.  Sci.,"  vol.  28,  p.  243. 


ARTIFICIAL    LIGHTING.  335 

illation  appearance  is  often  obtained  unintentionally  and  undesir- 
ably when  illumination  only  is  sought. 

The  principles  involved  in  securing  satisfactory  illumination 
without  illumination  appearance  are  cjuite  simple  in  the  abstract, 
although  not  always  recognized,  and  although  sometimes  difficult 
to  apply  in  practice.  The  ideal  is  to  keep  the  prime  source  of  light 
unseen  while  the  objects  of  vision  are  evenly  and  sufficiently 
lighted.  As  mentioned  before,  the  eye  acconmiodates  itself  to  the 
strongest  light  in  the  field  of  vision,  and  consequently  objects  only 
moderately  bright  are  less  clearly  seen.  For  example,  an  object 
in  the  direction  of  a  window  between  the  observer  and  the  bright 
daylight  is  only  seen  in  dim  outline,  and  its  details  are  meagre. 
The  prime  source  of  light,  therefore,  should  not  come  within  the 
field  of  vision. 

For  the  ordinary  human  eye  the  field  of  vision  is  an  irregular 
cone,  having  the  eye  at  its  apex,  and  whose  edges  make  angles 
with  the  center  line  of  about  60  degrees  in  the  vertical  plane  and  80 
degrees  in  the  horizontal  plane.  These  angles  should  be  increased 
15  to  30  degrees  in  each  direction  to  allow  freedom  of  motion  of  the 
eye  and  head.  As  the  eye  changes  position  frequently,  the  sources 
of  light  should  be  removed  outside  of  a  cone  considerably  larger 
than  the  field  of  vision,  otherwise  the  eye  would  be  continually 
adapting  itself  to  widely  different  intensities  of  light  and  would 
soon  tire. 

Electric  lights  are  peculiarly  adapted  to  being  placed  high  out 
of  the  range  of  vision.  Incandescent  lamps  may  be  studded 
around  the  ceiling  and  along  the  border.  Sometimes  incandescent 
lamps  are  placed  behind  a  translucent  cove  or  above  projecting 
cornices,  so  that  the  lamps  themselves  are  invisible.  A  more  com- 
mon plan  used  with  both  arc  and  incandescent  lamps  is  to  have 
opaque  reflectors  below  the  lamps^"'  so  as  to  throw  all  the  light  up 
against  the  white  ceiling,  which  becomes  a  secondary  source  of 
soft  diffused  light.  Lamps  thus  arranged  give  an  evenly  diffused 
daylight  effect  that  is  very  pleasing  if  sufficiently  strong. 

In  large  rooms  with  high  ceilings  gas  fixtures  are  frequently 
placed  well  up  out  of  the  range  of  vision,  when  provided  with  elec- 
tric spark  lighting  devices,  and  may  be  so  arranged  as  to  give  satis- 
factory effects.  It  is  far  too  common  to  have  public  halls  lighted 
in  such  a  way  that  the  audience  can  hardly  see  the  speaker  without 
squinting  between  or  under  lights  that  blind  more  than  illuminate. 


"See  articles  by  B.  A.  Dobson,  "Lond.  Electrician,"  vol.  31,  p.  701,  and 
vol.  32,  p.  13;  "N.  Y.  Elec.  Engineer,"  vol.  16,  pp.  513  and  548;  "Cassier's 
Mag.,"  vol.  5,  p.  417. 
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Doubtless  the  drowsiness  that  regularly  creeps  over  some  evening- 
audiences  is  due  less  to  the  dullness  of  the  speaker  than  to  the 
stupidity  of  the  architect  or  lighting  designer.  When  the  lights 
are  necessarily  so  placed  as  to  come  within  the  angle  of  vision,  they 
should  be  shielded  by  diffusing  globes,  which,  while  not  cutting  off 
too  much  of  the  total  quantity  of  light,  will  spread  it  over  a  larger 
surface  so  that  the  apparent  source  of  light  may  not  be  so  intense. 
Another  method  of  ameliorating  the  difficulty  is  to  have  the  lights 
at  full  brightness  only  when  the  audience  has  occasion  to  read,  and 
then  to  reduce  the  light  when  their  attention  is  directed  to  the 
speaker.     This  plan  saves  eyes  and  reduces  lighting  bills. 

Another  essential  for  even  illumination  is  to  avoid  regular 
reflection  of  light  from  the  source  to  the  eye.  All  surfaces  reflect 
more  or  less  light,  polished  surfaces  reflecting  regularly,  so  that  a 
more  or  less  perfect  image  of  the  light  source  may  be  seen  upon 
the  polished  surface.  Rough  surfaces  reflect  the  light  irregularly, 
so  that  it  is  diffused  and  the  light  source  may  be  seen  reflected  only 
vaguely.  Hence  the  familiar  rule  that  the  light  should  come  over 
one's  shoulder.  This  is  not  always  practicable,  unless  each  person 
has  an  individual  light  screened  from  others. 

For  satisfactory  general  illumination,  the  light  should  come 
from  a  number  of  scattered  sources  rather  than  from  one. 
Shadows  are  thereby  avoided  and  objects  stand  out  in  better  relief. 
Streaks  of  light  and  shadow  from  inequalities  in  the  globes  or 
fixtures  are  minimized  by  the  mixture  of  light  from  many  sources. 
Dift'used  daylight  is  the  ideal  illumination  for  most  purposes,  the 
light  coming  in  all  directions,  everything  being  a  secondary  source 
of  diffused  light. 

When  the  sources  of  light  arc  necessarily  few,  or  if  they  neces- 
sarily come  within  the  range  of  vision,  the  effect  is  greatly  im- 
proved by  surrounding  each  source  by  an  opal  or  holophane  globe, 
which  becomes  the  apparent  source  of  light.  While  the  globe 
absorbs  more  or  less  light,  what  remains  is  well  diffused,  and  the 
larger  area  of  the  apparent  source  largely  compensates  for  its  less 
intensity.  Regular  reflection  of  such  light  from  polished  surfaces 
is  less  trying  upon  the  eyes.  Again,  if  the  light  comes  within  the 
direct  angle  of  vision  of  the  eye,  it  is  so  much  less  intense  that  the 
eye  is  more  sensitive  for  other  objects.  It  must  be  remembered 
that  objects  are  visible  by  means  of  the  diffused  light  coming  from 
them  to  the  eye.  If  a  bright  light  is  within  the  range  of  vision  the 
iris  and  retina  adapt  themselves  to  the  more  intense  light.  There- 
fore, it  follows  that  if  a  room  be  lighted  at  one  time  by  a  bare  arc 
light  and  at  another  time  by  the  same  arc  light  surrounded  by  a 
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white  globe,  objects  in  the  room  are  seen  more  distinctly  when  the 
light  has  a  globe  than  when  bare,  the  greater  sensitiveness  of  the 
eye  more  than  balancing  the  less  amount  of  light.  For  the  same 
reason  Welsbach  gas  lamps  are  comfortable  for  reading  purposes 
when  shielded  by  opal  globes,  although  the  glare  is  distressing 
wdien  the  light  issues  directly  from  the  incandescent  mantle.  In- 
candescent electric  lamps  also  give  a  softer  and  more  effective  light 
if  provided  with  opal  globes  when  close  to  one's  work. 

A  further  condition  of  satisfactory  illumination  already  hinted 
at,  is  to  avoid  great  variations  in  different  parts  of  the  same  area. 
The  normal  human  eye  was  made  for  long  distance  work,  and 
when  used  for  close  work,  such  as  reading,  it  must  be  rested  occa- 
sionally by  brief  glances  toward  more  distant  objects.  If  the 
illumination  of  the  distant  objects  is  widely  different  from  that  of 
the  work,  the  eye  tires  from  freciuently  changing  the  iris.  Simi- 
larly as  the  eye  moves  to  and  fro,  bright  and  dull  objects  succes- 
sively affect  the  same  portions  of  the  retina  to  the  disadvantage  of 
the  latter.  For  this  reason  reading  rooms,  workshops  and  similar 
places  should  have  a  good  general  light  in  addition  to  individual 
lights  required  in  special  places. 

Illumination  is  greatly  affected  by  the  surroundings.  A  sin- 
gle lamp  which  satisfactorily  lights  a  small  room  gives  very  poor 
light  when  in  the  open  air.  The  principal  reasons  for  this  are  two. 
In  the  open  air  there  is  practically  no  reflection  of  light  from  sur- 
rounding objects,  while  the  walls  and  objects  in  a  room  increase 
the  original  light  by  reflection.  Also,  since  in  the  open  air  the 
surroundings  are  dark,  the  eye  must  continually  adjust  itself  as  it 
wanders  from  the  well-lighted  area  near  the  lamp  to  the  dark  areas 
beyond,  and  consecjuently  tires  more  quickly  than  when  working 
in  a  tmiformly  lighted  space. 

The  walls  of  a  room  have  a  great  effect  upon  the  illumination 
produced.  Each  wall  diffuses  the  light  received  and  becomes  a 
secondary  source  of  light,  a  greater  or  less  amount  of  which  strikes 
other  walls,  where  it  again  becomes  a  source  of  light.  The  result 
is  that  the  original  source  of  light  is  greatly  reinforced.  It  is  easily 
shown^^  that  if  the  original  amount  of  light  be  called  0,  and  the 
percentage  reflected  or  diffused  by  the  walls  be  called  f,  the  total 
available  amount  of  light  is 

Q  (i  +  ^  +  ^  +  f+etc.)  =  Q  jl^- 
The  coefficient  f  varies  from  .004  for  black  velvet  to  0.82  for  white 


^Palaz,  "Industrial  Photometry,"  pp.  298  and  318. 
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blotting  paper,  or  perhaps  .90  or  0.95  for  polished  glass  mirrors. 
In  the  extreme  case  of  a  room  with  walls,  ceiling  and  floor  covered 
with  polished  mirrors  having  a  reflecting  power  of  0.95,  the  total 
quantity  of  light  would  be  about  twenty  times  that  of  the  original 
source.  In  a  room  with  fresh  white  walls  having  a  reflecting 
power  of  0.80,  the  original  light  would  be  increased  about  five 
times.  These  figures  are  considerably  reduced  in  practice  by  the 
presence  of  furniture,  carpets,  doors  and  other  obstacles  which 
intercept  the  light. 

In  artificial  illumination,  what  is  wanted  is  not  so  much  can- 
dlepower  as  a  certain  intensity  of  illumination  of  the  observed  sur- 
faces. 

A  light  of  the  same  candlepower  will  give  greatly  varying  re- 
sults, depending  upon  the  distribution  of  the  source,  the  character 
of  the  illuminated  surfaces,  whether  polished  or  rough  (z.  e.,  reflect- 
ing regularly  or  irregularly),  the  color,  whether  light  or  dark. 
The  lighting  contractor  should,  therefore,  be  required  to  produce 
a  given  degree  of  illumination  rather  than  a  given  candlepower. 
This  is  beset  with  so  many  difficulties  that  he  usually  aims  simply 
at  so  many  candlepower.  This  is  analogous  to  a  contract  for  heat- 
ing— not  to  furnish  so  much  coal  or  so  many  B.  T.  U.,  but  to  main- 
tain a  certain  temperature.  In  other  words,  the  consumer  wants 
to  be  warm  or  to  be  able  to  see  plainly.  In  practice,  it  is  difficult 
to  guarantee  the  results  for  a  reasonable  contract  price,  since  there 
are  so  many  elements  difficult  to  control,  such  as  the  opening  of 
windows,  or  number  and  adjustment  of  curtains,  the  outside  tem- 
perature and  direction  and  force  of  wind.  In  heating  the  con- 
sumer takes  upon  himself  most  of  the  risk  of  such  uncertainties  and 
does  not  usually  pay  a  fixed  price,  which  would  involve  an  ample 
margin  to  protect  the  supplyer.  In  a  similar  way,  although  not  to 
so  great  an  extent,  the  lighting  of  a  house  or  other  area  Has  so 
many  variables,  the  color  and  cleanliness  of  walls,  ceilings  and 
other  reflecting  surfaces,  the  cleanness  and  number  or  character 
of  globes,  shades  and  reflectors,  that  there  are  many  matters  of 
uncertainty.  The  time  element  also  enters  with  a  variable  as  to  the 
changing  length  of  day  at  different  seasons,  also  the  habits  of  the 
users  of  the  room. 

We  may  turn  next  to  some  discussion  of  illumination  appear- 
ance as  distinguished  from  illumination.  For  certain  advertising 
and  other  purposes  it  is  desirable  to  have  the  sources  of  light  con- 
spicuous, rather  than  objects  illuminated  by  them.  Familiar  ex- 
amples in  Minneapolis  are  the  tower  lights  on  some  of  the  corner 
stores,    the    incandescent    crosses    on    the    tower   of    one    of   the 


ARTIFICIAL  LIGHTING.  33^ 

churches,  the  rows  of  incandescent  lamps  along  the  cornices  and 
windows  of  some  of  the  stores,  the  headlights  above  the  theatre 
entrances,  and  the  numerous  illuminated  signs  in  which  incandes- 
cent lamps  form  letters  and  words.  The  methods  of  obtaining 
the  desired  illumination  appearance  vary  so  widely,  according  to 
the  effect  sought,  that  we  may  not  stop  to  consider  them  in  detail. 

Illumination  combined  with  illumination  appearance  is  desired 
in  many  cases.  Here,  again,  the  advertiser  has  developed  excel- 
lent examples,  such  as  the  rows  of  arc  lamps  in  front  of  the  stores, 
which  both  attract  attention  from  a  distance  and  also  light  the  store 
fronts  and  show  windows.  Fancy  designs  in  the  store  windows 
also  serve  the  double  purpose,  if  the  lights  are  not  too  brilliant,  as 
when  colored  or  frosted  globes  are  used. 

For  lighting  interiors  of  buildings,  especially  corridors  and 
rooms  with  high  ceilings,  excellent  effects  may  be  produced,  the 
arrangement  of  the  lamps  attracting  attention  while  illuminating 
the  area  below. 

The  distinction  between  illumination  and  illumination  appear- 
ance is  not  as  well  or  as  commonly  known  as  it  should  be,  and 
frequent  blunders  are  the  result.  For  instance,  the  ambitious 
country  town  insists  on  having  its  streets  lighted  by  brilliant  arc 
lights,  in  order  thereby  to  attain  a  quasi  metropolitan  aspect.  Arc 
lamps  are  indeed  unexcelled  for  illumination  appearance,  and  are 
therefore  desirable  for  advertising  the  business  streets  of  a  town. 
They  are  excellent  also  for  illuminating  the  streets,  if  placed  not 
further  than  one  or  two  blocks  apart,  an-d  if  twenty-five  to  thirty- 
five  feet  above  the  roadway.  But  with  the  not  infrequent  practice 
of  hanging  them  eighteen  or  twenty  feet  above  the  roadway  and 
long-distances  apart,  the  arcs  serve  as  beacons  to  indicate  the  di- 
rection of  the  road  to  distant  travelers  and  to  blind  those  who  are 
near.  An  equal  amount  of  money  spent  in  erecting  and  operating 
a  much  larger  number  of  smaller  lights,  placed  at  shorter  intervals, 
would  far  better  serve  the  purpose  of  lighting  the  roadway  and 
sidewalks  with  some  uniformity,  and  of  enabling  persons  to  see  the 
way  clearly  and  safely.  If  beacons  or  lighthouses  are  wanted  to 
indicate  directions  of  streets,  lamps  of  one  candlepower  placed  one 
mile  apart  will  serve  the  purpose  equally  well  when  no  other  lights 
are  in  sight.  The  ideal  system  of  street  lighting  is  to  have  arc 
lamps  placed  at  short  intervals  in  the  business  part  of  the  town 
and  to  use  smaller  lights  of  twenty  to  fifty  candlepower,  and  not 
further  than  one  block  apart  in  the  residence  districts. 
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Walter  Washiiiytoii  dc  Lacv. 


[Born  February  22,  1819.  Died  May  13,  1892.] 
Walter  Washington  de  Lacy,  the  son  of  WilHam  and  EHza 
de  Lacy,  of  Norfolk,  Va.,  was  born  at  Petersburg,  Va.,  on  Feb- 
ruary 22,  1819,  while  his  parents  were  there  on  a  visit,  at  the 
close  of  which  they  returned  to  Norfolk,  where  the  son  was 
brought  up.  His  father  died  when  the  son  was  nine  years  old, 
and  his  mother  when  he  was  thirteen. 

He  was  adopted  by  a  bachelor  uncle  and  two  maiden  aunts, 
who  raised  and  educated  him. 

His  paternal  grandfather  was  a  native  of  W^exford,  Ireland, 
and  a  descendant  of  the  celebrated  Norman  knight,  Hugh  de  Lacy, 
who  acted  as  first  Norman  Governor  of  Ireland  under  Henry  II., 
in  1 172.  His  maternal  grandfather  was  an  Englishman  by  the 
name  of  William  Charles  Lee,  who  for  many  years  was  English 
Vice-Consul  at  Oporto,  Portugal,  and  in  the  West  Indies.  Lee 
was  a  man  of  great  wealth  at  one  time,  but,  l)eing  very  profuse  in 
his  hospitality,  he  became  impoverished.  Whilst  at  Oporto  he 
married  a  Portuguese  lady  who  was  a  lineal  descendant  of  the 
celebrated  Portuguese  general  and  explorer,  Vasco  de  Gama,  the 
first  man  who  sailed  the  whole  length  of  Africa  and  rounded  the 
Cape  of  Good  Hope  in  1497,  and  conquered  a  part  of  India.  Lee 
came  to  Norfolk  about  one  hundred  years  ago.  His  house  and 
large  gardens  are  still  there,  inhabited  by  his  descendants,  cousins 
of  "Vyalter  W.  de  Lacy,  and  at  no  time  have  they  passed  out  of  the 
family's  possession. 
28 
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Walter  W.  de  Lacy  commenced  his  education  at  home  under 
the  tutorage  of  his  aunt,  Mary,  a  remarkably  well  educated 
woman,  and  in  1834  was  sent  to  Mount  Saint  Mary's  Catholic 
College,  near  the  town  of  Emmetsburg,  in  Maryland. 

There  he  remained  four  years  without  returning  home,  pro- 
gressing well  in  his  studies,  especially  in  mathematics  and  lan- 
guages. He  could  speak  French  and  Portuguese  before  he  went 
to  Emmetsburg,  and,  while  there  he  learned  to  speak  Spanish  with 
great  fluency,  as  there  was  a  number  of  Spanish  boys  at  the  college 
from  the  West  Indies  and  South  America. 

Whilst  the  boy  was  still  at  school,  his  uncle  had  been  trying 
to  get  him  an  appointment  at  West  Point,  his  claims  being  based 
upon  his  father's  services  in  the  War  of  1812.  Finally  the  uncle 
did  receive  an  appointment  for  him,  but  a  few  days  afterwards  it 
was  revoked  on  the  alleged  ground  that  the  appointing  clerk  had 
made  a  mistake  in  names.  The  fact  was  afterwards  ascertained 
that  the  mistake  was  not  the  clerk's,  but  that  a  nephew  of  General 
Scott  was  put  in  de  Lacy's  place,  and  thus  his  appointment  was 
revoked,  there  being  an  identity  of  the  initials  of  both  names  and 
a  similarity  in  their  spelling,  the  name  of  General  Scott's  nephew 
being  W.  W.  Lacy. 

Walter  W.  de  Lacy  returned  home  after  his  four  years'  study 
at  college.  As  he  began  to  think  of  making  civil  engineering  his 
profession,  his  uncle  wrote  to  Professor  Mahan,  at  West  Point, 
asking  the  latter's  advice  as  to  where  it  would  be  best  to  educate 
him  for  this  profession.  Professor  Mahan  answered  that  if  de 
Lacy's  uncle  w'ould  send  his  nephew  to  West  Point  he  himself 
would  instruct  the  lad,  privately  and  without  charge.  Professor 
Mahan  was  then  in  the  zenith  of  his  fame,  and  really  the  ruling 
spirit  at  West  Point,  regarded  as  being  at  the  head  of  his  profes- 
sion in  the  United  States. 

The  reasons  for  his  kindness  to  young  de  Lacy  were  that  he 
was  indebted  entirely  for  his  position  in  life  to  William  de  Lacy's 
granduncle. 

Young  de  Lacy  w^ent  to  West  Point  and  boarded  wdth  the 
family  of  a  retired  officer  named  Kinsley,  and  recited  to  Professor 
Mahan  every  day  in  his  class-room  immediately  after  the  section 
of  cadets  had  finished.  He  also  recited  in  the  higher  mathematics 
and  in  the  use  of  instruments  to  Captain  Bliss,  who  afterwards 
married  the  daughter  of  General  Zach.  Taylor,  and  was  his  Adju- 
tant-General in  the  Mexican  War.  He  studied  topographical  and 
mathematical   drawing,  besides,   under  Lieutenant   Eastman,   as- 
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sistant  professor  of  drawing.  While  at  West  Point  he  associated 
with  the  cadets  the  same  as  though  one  of  their  number. 

Walter  W.  de  Lacy  remained  at  West  Point  until  he  com- 
pleted the  course  in  mathematics,  civil  engineering  and  topography. 
At  the  end  of  that  time  he  received  an  ofTer  of  a  position  on  the 
Illinois  Central  Railroad,  then  in  course  of  construction.  He 
went  to  Baltimore,  started  by  the  Baltimore  and  Ohio  Railroad 
and  went  as  far  as  Frederick,  thence  by  stage  to  Wheeling,  thence 
down  the  Ohio  and  Mississippi  Rivers  to  a  place  called  Jonesboro. 
There  he  met  a  friend  from  his  native  town,  Norfolk,  Va.,  and  was 
employed  by  him  as  rodman  and  leveller  on  the  railroad  for  several 
months.  This  was  in  1839.  For  some  cause,  probably  from  the 
lack  of  funds,  the  work  stopped  and  the  engineers  were  dis- 
charged. His  friend  and  himself  then  went  to  Saint  Louis  and 
obtained  positions  on  the  Iron  Mountain  Railroad.  Whilst  en- 
gaged in  this  work  he  received  an  order  from  the  War  Depart- 
ment to  present  himself  on  a  given  date  and  stand  examination  for 
a  commission  in  the  regular  army  as  a  civilian.  His  friend  told  him 
he  had  better  go  to  W^ashington,  as  the  work  on  the  railroad  would 
soon  stop.  He  returned  home  over  the  same  route  he  had  taken 
on  his  trip  West. 

At  the  appointed  time  Walter  W.  de  Lacy  went  to  Washing- 
ton and  found  assembled  about  twenty  civilians  who  had  been 
ordered  before  the  board.  They  had  not  been  told  what  they 
would  be  examined  in.  The  examination  was  very  superficial. 
It  consisted  of  a  few  questions,  several  sums  in  arithmetic,  reading 
and  writing  a  few  lines  from  dictation,  all  of  which  he  believed  he 
answered  satisfactorily.  He  did  not  show,  however,  as  he  ought 
to  have  done,  his  certificates  from  Professor  Mahan  and  Colonel 
Bliss,  and  the  topographical  maps  which  he  had  made  at  school. 
Had  he  done  so  he  probably  would  have  taken  better  rank.  As 
it  was,  he  was  offered  the  position  of  assistant  professor  in  French, 
but  he  insisted  on  receiving  a  commission  in  the  army  before  tak- 
ing the  appointment.  He  remained  at  West  Point  twelve  months, 
when  he  was  promoted  to  the  rank  of  Captain,  but  he  resigned 
and  did  not  join  his  regiment. 

A  year  later  he  was  ofifered  and  accepted  the  appointment  of 
professor  of  languages,  French,  Spanish  and  Portuguese,  and  act- 
ing professor  of  mathematics  in  the  United  States  Navy.  At  that 
time  the  naval  schools  were  on  board  the  men-of-war.  A  greater 
portion  of  the  following  five  years  he  spent  at  sea  teaching  mid- 
shipmen, during  which  time  he  served  on  the  men-of-war  Penn- 
svlvania.  Marion  and  Ohio,  and  visited  most  of  the  islands  of  the 
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West  Indies  and  many  points  on  the  coasts  of  South  America  and 
Africa. 

Upon  the  estabhshment  of  the  United  States  Naval  School  at 
Annapolis,  Md.,  he  was  tendered  a  professor's  chair,  but  declined. 
A  short  time  thereafter  he  was  engaged  in  Government  surveys 
along  Lake  Superior. 

He  was  sent  in  1846,  by  a  party  of  capitalists,  to  Texas  in 
search  of  old  Spanish  silver  mines  that  had  been  abandoned. 

Texas  was  at  that  time  sparsely  settled,  and  his  exploration 
carried  him  to  its  furthest  borders  into  regions  where  the  red  man 
held  undisputed  sway.  He  had  as  an  escort  a  small  band  of  Dela- 
ware Indians,  who  in  intelligence  and  courage  were  nearly  the 
equals  of  white  men.  Great  danger  attended  the  expedition. 
Several  mines  were  discovered  that  had  been  w^orked  for  lead,  but 
of  gold  or  silver  none.  In  piu'suit  of  its  object,  the  party  crossed 
over  into  old  Mexico,  and  were  there  when  the  United  States  de- 
clared war  against  that  country. 

Prompted  by  patriotism.  Colonel  de  Lacy  took  part  as  a 
volunteer  in  several  combats.  After  peace  had  been  declared  he 
joined  a  detachment  of  Texas  rangers  under  command  of  Colonel 
Jack  Hays,  which  w-as  starting  out  for  the  purpose  of  locating  a 
road  from  San  Antonio  to  Chihuahua,  Mexico.  There  were 
seventy  men  in  the  party.  This  expedition  took  them  into  a 
region  comparatively  unknown  by  white  men.  After  being  out 
for  some  time  the  guides  confessed  their  ignorance  of  the  route, 
and  the  command  w'as  brought  to  a  starid-still.  It  was  deter- 
mined, however,  to  push  forward.  The  commissariat  was  pro- 
visioned for  twenty-five  days,  but  for  eighty  days  they  wandered 
over  the  boundless  prairies.  The  men  were  put  on  short  rations, 
but  finally  the  meager  supply  of  food  gave  out  and  they  were  com- 
pelled to  subsist  on  the  flesh  of  their  mules  and  horses.  No  game 
was  to  be  found  and  they  were  frequently  destitute  of  water  for 
two  days  at  a  time.  When  almost  discouraged,  the  command 
stumbled  upon  what  was  known  as  the  old  Comanche  trail,  and 
soon  after  this  they  reached  San  Carlos,  the  nearest  Mexican  set- 
tlement. On  their  arrival  they  obtained  provisions  and  were  kind- 
ly treated  by  the  inhabitants. 

The  rangers  then  returned  to  San  Antonio,  but  Colonel  de 
Lacy,  who  had  two  pack  mules  loaded  with  merchandise,  decided 
to  remain.  One  day  an  Apache  chief  came  into  the  settlement 
with  whom  de  Lacy  struck  up  an  acquaintance.  A  mutual  friend- 
ship was  soon  established  between  the  two,  and  as  a  result  the 
chief  invited  him  to  visit  his  countrv,  which  was  in  the  Bolson  de 
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Mapinii  Mountains,  the  wildest  and  least  known  region  in  old 
Mexico.  Always  fond  of  romantic  adventure,  the  Colonel  ac- 
cepted and  spent  several  weeks  with  his  savage  host.  Among 
other  things  of  interest  that  he  discovered  while  there  was  an 
Indian  training  school,  where  the  boys  were  taught  to  imitate  the 
howl  of  a  wolf,  the  hoot  of  an  owl,  the  cries  of  other  animals  and 
birds,  and  other  features  of  Indian  warfare,  de  Lacy  was  treated 
with  great  kindness  and,  finally,  safely  returned  to  San  Carlos 
under  an  escort  of  Indian  braves.  Upon  his  departure  his  Indian 
friend  presented  him  with  a  number  of  horses.  To  this  acquain- 
tance he  subsequently  owed  his  life. 

Soon  after  he  started  with  his  mules  and  merchandise  for 
Presidio  del  Norte,  where  a  Mexican  garrison  was  stationed. 
Two  Mexicans  accompanied  him  to  drive  the  pack  animals  and 
act  as  guides.  One  evening  the  party  was  surprised  by  a  band  of 
ten  or  twelve  Indians  approaching  on  the  charge,  led  by  their 
chief,  a  huge  savage.  Few  Indians  in  those  regions  possessed 
firearms,  and  the  assailants  had  only  bows,  arrows  and  lances. 
The  two  Mexicans  fled  in  terror  into  the  adjacent  thicket,  leaving 
Colonel  de  Lacy  alone.  A  moment  later  the  chief  raised  his  lance 
to  strike  a  fatal  blow.  With  steady  nerve  and  quick  eye.  Colonel 
de  Lacy  turned  in  his  saddle  and  discharged  his  rifle.  The  chief, 
with  a  loud  yell,  reeled  in  his  saddle  and  fell  dead.  The  following 
day  the  party  arrived  at  its  destination.  The  fame  of  this  exploit 
quickly  spread  through  the  neighborhood  and  the  Colonel  became 
the  hero  of  the  hour. 

He  remained  at  Presidio  del  Norte  for  some  time,  soon  be- 
coming a  favorite  with  the  officers  of  the  Seventh  Mexican  In- 
fantry and  the  Chihuahua  lancers,  who  were  stationed  there,  and 
frequently  taking  part  in  their  scouting  expeditions.  Becoming 
weary  of  life  at  the  Presidio,  Colonel  de  Lacy  returned  to  San 
Antonio,  and  soon  after  joined  a  party  of  United  States  topo- 
graphical engineers  under  Lieutenant  Whiting,  who  were  to 
undertake  an  expedition  across  the  staked  ptains  of  Texas.  The 
object  of  the  expedition  was  to  discover  a  feasible  route  for  the 
Third  United  States  Infantry,  to  locate  places  where  water  could 
be  obtained  and  select  sites  for  military  posts  along  the  Texas  fron- 
tier and  in  New  Mexico.  The  final  destination  of  the  expedition 
was  El  Paso.  All  for  a  time  went  well,  but  being  in  an  unexplored 
country  they  missed  the  Pecos  River,  which  was  to  have  been  a 
stopping  place,  and  for  five  days  wandered  over  the  prairies  with- 
out water.  After  the  first  forty-eight  hours  of  the  fearful  experi- 
ence, they  remained   in   camp   by   day,   travelling  only  at   night. 
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Words  cannot  describe  the  suffering  endured;  the  men  became 
partially  insane,  and  only  through  strict  military  discipline  could 
Lieutenant  Whiting  control  them.  When  they  were  almost  hope- 
less and  the  last  point  of  endurance  was  reached,  on  the  night  of 
the  fifth  day,  the  mules  scented  water  and,  thanks  to  the  keen  in- 
stinct of  these  animals,  a  fine  stream  of  water  was  discovered. 
Both  men  and  animals  rushed  into  the  water  and  appeased  their 
fiery  thirst. 

Continuing  its  journey,  the  party  reached  the  Rio  Grande, 
where  they  one  day  met  about  three  hundred  Apaches  who  were 
abovtt  to  massacre  the  expedition,  Init  among  the  Indians  were 
some  of  Colonel  de  Lacy's  friends  whom  he  had  visited  in  the 
mountains  of  Mexico.  Through  their  intercessions  it  was  decided 
to  hold  a  council  on  the  day  following  and  decide  upon  what  action 
should  be  taken.  The  respite  was  utilized  and  the  little  party  of 
thirteen  silently  withdrew  during  the  night. 

After  visiting  various  points  in  New  Mexico  the  party  re- 
turned to  San  Antonio.  Lieutenant  Whiting  afterwards  became 
a  general  in  the  rebel  army. 

In  1850  Colonel  de  Lacy  went  to  New  Orleans  to  visit  his 
relatives  and  friends.  While  there  he  was  appointed  hydrographic 
engineer  to  serve  on  a  party  that  was  to  survey  a  railroad  route 
across  the  Isthmus  of  Tehuantepec  and  establish  seaports  at  each 
end  of  the  proposed  line.  Seven  months  were  occupied  in  mak- 
ing the  survey.  During  a  portion  of  the  time  the  Colonel  was 
detailed  to  visit  the  adjacent  mountains  for  the  purpose  of  gather- 
ing information  regarding  their  mineral  and  other  resources.  To 
this  end  he  travelled  quite  extensively  in  Mexico  and  learned  much 
of  its  possibilities.  The  Colonel  returned  with  his  party  to  New 
Orleans,  where  it  was  disbanded. 

iHir  a  period  of  three  years  after  his  Tehuantepec  experiences. 
Colonel  de  Lacy  was  employed  on  the  New  Orleans  and  Jackson 
Railroad,  where  he  met  Benjamin  H.  Greene,  also  an  engineer  on 
that  line,  late  member  of  our  Montana  Society  of  Civil  Engineers, 
and  also  l^'csidcnt  of  it  at  the  time  of  his  decease. 

For  a  period  of  six  months  in  the  year  1854,  Colonel  de  Lacy 
was  engaged  with  a  party  in  surveying  the  thirty-second  parallel 
of  latitude  from  San  Antonio,  Texas,  to  San  Diego,  Cal.  At  that 
time  Arizona,  or  the  Gadsden  purchase,  formed  a  part  of  .Sonora, 
Mexico,  though  rumors  of  its  purchase  reached  the  explorers 
while  they  were  crossing  its  deserts.  The  work  completed,  the 
Colonel  proceeded  to  San  Francisco,  where  he  found  his  old  friend, 
Tack  TTaves,  formerlv  of  the  Texas  rangers,  occupying  the  posi- 
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tion  of  Surveyor-General.  Having-  made  some  surveys  of  Mohave 
River,  de  Lacy  was  sent  to  do  similar  work  at  Puget  Sound  in 
1855.  Soon  afterwards  occurred  the  Yakima  Indian  War.  Two 
companies  of  volunteers  were  called  for.  The  Colonel  promptly 
responded  to  the  call,  and  for  three  months  his  company  was  oper- 
ating between  Seattle  and  Steilacoon  and  had  over  a  dozen  com- 
bats with  their  enemies.  On  the  arrival  of  Governor  Stevens  our 
Colonel  was  commissioned  Adjutant  of  the  Second  Battalion, 
Washington  Territory  Volunteers.  This  cavalry  command  made 
frequent  raids  into  the  Indian  country,  captured  many  prisoners 
and  hanged  several.     Peace  with  the  tribes  was  declared  in  1856. 

Information  being  received  that  other  tribes  who  had  re- 
fused to  make  peace  had  a  large  camp  in  Grande  Roude  Valley, 
tlie  battalion  was  ordered  to  strike  them.  With  Nez  Perce  guides, 
the  command  crossed  the  Blue  Mountains  and  approached  the 
enemy.  As  soon  as  discovered  several  hundred  warriors  rode 
out  toward  the  soldiers,  waving  poles  to  which  were  attached  the 
scalps  of  white  men.  The  troops  at  once  charged  and  a  hot  battle 
ensued.  The  savages  were  routed  with  a  loss  of  eighty-five  killed 
and  six  or  seven  hundred  horses  captured,  besides  abandoning  a 
large  part  of  their  pack  train,  containing  their  winter  supplies  of 
camas.  Five  soldiers  were  killed  and  many  wounded  on  both 
sides.  Soon  after  the  troopers  returned  with  their  captured  horses 
and  other  trophies.  While  the  battalion  was  camped  upon  the 
site  of  the  present  town  of  Walla  Walla,  for  the  purpose  of  effect- 
ing a  treaty,  Colonel  Stcptoe  with  two  hundred  regulars  arrived, 
looking  up  a  location  for  a  military  post.  The  Indians  showing 
no  disposition  to  treat,  Governor  Stevens,  with  his  men,  wagons, 
and  wagon  train,  started  for  the  Dalles.  When  he  had  gone  some 
three  miles  distant  from  the  camp  the  troops  were  attacked  by  the 
Indians  in  strong  force,  and  were  obliged  to  call  on  Colonel  Step- 
toe  for  assistance.  He  promptly  came  to  the  rescue  and  the  whole 
party  returned  to  their  original  camping  ground.  Soon  after  the 
Indians  disappeared  and  Governor  Stevens  and  the  volunteers  re- 
turned to  the  Dalles.  This  completed  the  Colonel's  active  service 
in  the  war. 

During  the  three  following  months  Colonel  de  Lacy  was  en- 
gaged in  making  a  trail  from  Wliatcom  to  Thompson  River. 
When  the  Frazier  River  excitement  was  on,  his  only  companions 
were  Indians,  and  when  provisions  r^ave  out.  for  four  davs  they 
subsisted  on  the  bark  of  pine  trees.  Upon  returning  to  Whatcom 
the  Colonel  found  himself  famous.  During  his  absence  the  popu- 
lation had  increased  from  six  hundred  to  six  thousand.     He  was 
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welcomed  with  a  salute  of  one  hundred  guns  and. a  public  dinner. 
The  mines  proved  a  failure,  and  the  glory  of  the  expedition  was 
all  the  compensation  he  ever  received. 

In  May,  1859,  he  was  attached  to  the  command  of  Lieutenant 
Mullan,  who  was  organizing  an  expedition  into  Montana.  After 
making  surveys  of  Columbia  and  Snake  Rivers  he  joined  the  com- 
mand at  Coeur  d'Alene  Mission.  The  party  went  into  winter 
quarters  on  the  St.  Regis  Borgia.  The  spring  following  the  east- 
ward march  was  resumed,  and  he  was  required  to  make  surveys 
that  might  be  utilized  should  a  railroad  ever  be  built  along  the 
route.  In  performing  this  work  he  one  day  lost  his  way  and  made 
a  solitary  bivouac  in  Last  Chance  Gulch,  where  now  stands  the 
City  of  Helena.  The  expedition  on  arriving  at  Fort  Benton  met 
four  hundred  troops  en  route  to  the  Pacific  coast,  de  Lacy  re- 
turned to  Fort  Walla  Walla,  where  he  was  discharged  in  i860. 

In  company  with  three  others,  in  1861,  he  was  prospecting  in 
Montana.  They  met  with  no  very  great  success.  In  1862  he  out- 
fitted a  pack  train  at  Walla  Walla  and  came  to  Gold  Creek,  Mon- 
tana, and  from  there  went  to  Bannack,  spending  the  following 
winter  at  Fort  Owen. 

In  1863  he  organized  an  expedition  to  explore  South  Snake 
River.  The  party  travelled  up  to  the  head  of  that  stream,  thence 
through  Jackson's  Park,  and  discovered  Shoshone  Lake.  This 
beautiful  sheet  of  water  was  very  properly  named  de  Lacy,  and 
the  honor  was  confirmed  by  Surveyer-General  Meredith,  but  Pro- 
fessor Hayden  some  years  later  changed  the  name  to  Shoshone. 
After  passing  through  Fire  Hole  basin  the  party  returned  to  Vir- 
ginia City. 

In  1864  Colonel  de  Lacy  laid  out  the  town  site  of  Fort  Benton, 
after  which  he  returned  to  Bannack  in  time  to  be  present  at  the 
first  meeting  of  the  Territorial  Legislature,  and  by  its  orders  made 
the  first  map  of  Montana.  In  1865  he  laid  out  the  town  sites  of 
Deer  Lodge  and  Argenta,  in  INTontana.  In  1867  the  Sioux  war 
occurred  and  he  was  appointed  Colonel  of  Engineers  by  Governor 
Meagher,  and  took  charge  of  a  supply  train  for  the  relief  of  Fort 
C.  F.  Smith. 

The  undertaking  was  very  hazardous,  but  they  arrived  safely. 
After  this  he  and  Professor  B.  F.  March  located  the  initial  point 
for  public  surveys  in  Montana,  and  ran  the  principal  base-line. 
For  the  next  three  years  he  occupied  a  position  in  the  Surveyor- 
General's  ofifice,  during  which  time  he  made  a  map  for  the  North- 
ern Pacific  Railroad  Company  and  furnished  them  some  very  valu- 
able information. 
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In  1871  he  made  a  survey  of  Smith  River  Valley,  and  in  1872 
surveyed  the  Salmon  River  for  the  Union  Pacific  Railroad  Com- 
pany, After  that  year  Colonel  de  Lacy  followed  the  practice  of  his 
profession.  He  was  elected  City  Engineer  of  Helena  in  1883  and 
re-elected  in  1884.  Soon  after,  in  1886,  his  friends  strongly  urged 
the  appointment  of  Colonel  de  Lacy  to  the  office  of  United  States 
Surveyor-General  for  Montana,  but  Colonel  B.  H.  Greene  was 
appointed  to  the  office  and  assumed  his  duties  in  the  latter  part  of 
that  year.  He  appointed  Colonel  de  Lacy  Chief  Mineral  Clerk, 
and  afterwards  Chief  Clerk  of  the  United  States  Surveyor- 
General's  office  in  Helena,  Montana,  and  the  Colonel  filled  a  posi- 
tion in  this  office  up  to  the  time  of  his  death.  Colonel  de  Lacy 
and  General  Greene  were,  in  1852,  both  engineers  upon  the  New 
Orleans  and  Jackson  Railroad,  and  were  frequently  together,  but 
after  that  they  did  not  meet  until  in  December,  1885,  when  General 
Greene  arrived  in  Helena.  Their  old  friendship  was  soon  re- 
newed. General  Greene  frequently  spoke  of  Colonel  de  Lacy  in 
the  highest  terms  as  a  most  remarkable  man.  Both  General 
Greene  and  Colonel  de  Lacy  were  charter  members  of  the  Mon- 
tana Society  of  Civil  Engineers. 

Two  years  after  the  decease  of  B.  H.  Greene,  at  the  time 
President  of  our  Society,  tiie  memorialist  is  again  called  upon  to 
record  the  death  of  another  of  our  honorable  Presidents.  Most 
of  our  members  recollect  Colonel  de  Lacy  as  a  very  old  man,  of 
very  remarkable  memory,  well  posted  upon  nearly  every  subject 
that  was  brought  up  in  conversation;  familiar  with  all  parts  of  this 
Western  country;  very  interesting  to  listen  to  in  his  accounts  of 
adventure  and  hardships,  and  with  a  very  pleasant  and  entertain- 
ing way  of  expressing  himself.  He  was  very  well  known  and 
highly  respected  in  the  West. 

He  was  an  incorporator  of  the  Montana  Historical  Society, 
and  was  President  for  one  term  of  the  Society  of  Montana 
Pioneers,  a  well  deserved  honor,  as  his  first  experiences  in  Mon- 
tana occurred  long  before  those  of  any  other  of  the  members  of 
the  Pioneer  Society.  He  was  very  generous,  having  contributed 
considerable  sums  to  several  benevolent  institutions,  as  well  as 
assisted  some  of  his  relatives  in  the  South.  For  several  months 
before  his  death  his  health  became  impaired,  and  it  was  apparent 
that  age  had  overcome  his  healthy  constitution. 

At  one  o'clock  on  the  morning  of  May  13,  1892,  he  passed 
away.  The  only  relative  Colonel  de  Lacy  had  in  Montana  was  a 
cousin,  Williarh  de  Lacy,  a  well-known  citizen  of  Helena.  Dis- 
tant relatives  still  live  at  his  old  home  at  Norfolk,  Va.     Llis  two 
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maiden  aunts,  Mary  and  Alicia  de  Lacy,  to  whom  he  was  so  much 
indebted  for  his  early  care  and  education,  died  there  in  November, 
1862,  of  yellow  fever,  which  was  then  raging  with  fearful  mortality. 
His  uncle  died  at  New  Orleans  during  the  Civil  War. 
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PAINT   TE8T8. 


Bv  Max  Toltz,  Member  of  the  Civil  Engineers'  Society  of  St.  Paul. 

[Read  before  the  Society,  December  7,  1896.*] 

Tins  paper  records  the  result  of  considerable  thought,  study 
and  time,  which  have  been  given  to  the  above  subject  during  the 
last  three  years  in  making  careful  laboratory  examinations  of  the 
various  paints  sold  in  the  markets  as  "anti-rust,"  and  under  other 
names,  and  in  practical  experiments. 

The  compilation  of  the  work  thus  far  done  is  given  in  a  con- 
densed form  only;  therefore,  the  usual  style  of  reporting  is  re- 
versed, and  the  reconnucndations  and  conclusions  arrived  at  are 
§iven  at  the  beginning. 

From  our  present  knowledge,  the  following  system  for  paint- 
ing iron  and  steel  bridges  and  other  metallic  structures  is  recom- 
mended : 

First.  Give  the  iron  and  steel  a  coat  of  the  best  grade  of  re- 
fined linseed  oil,  properly  boiled  and  settled  clear;. or,  still  better, 
mix  linseed  oil  with  about  10  per  cent,  of  a  good  grade  of  lamp- 
black; this  coat  to  be  applied  at  the  mills,  the  iron  or  steel  being- 
first  carefully  cleaned  from  loose  scales. 

Second.  After  the  structures  have  been  erected,  give  them 
one  coat  of  real  asphaltic  varnish  paint,  made  from  the  best  grade 
of  asphalt,  linseed  oil  and  gum,  compounded  properly,  so  as  to 
form  a  true  varnish;  or  of  a  paint  made  from  carbon  black  and  a 
properly  boiled  varnish,  compounded  of  the  best  grade  of  linseed 
oil  and  gum.  This  coat  should  be  carefully  applied  by  a  skillful 
painter,  after  the  metal  has  been  thoroughly  cleaned  from  all  loose 
scale,  rust,  shavings,  filings,  shrivelled  oil  or  paint,  grease,  dirt,  or 
any  foreign  matter,  because  it  is  of  the  utmost  importance  that 
the  paint  should  be  spread  and  worked  in  such  a  way  so  as  to  cover 
the  surface  properly,  and  be  as  free  as  possible  from  air  bubbles 
and  form  a  continuous  coating.  This  priming  or  first  coat  should 
be  applied  fairl}'  thick,  the  thickness  depending,  to  some  extent, 
on  the  nature  of  the  paint  used.  Before  the  second  coat  is  ap- 
plied, the  first  one  shoukl  l>e  thoroughly  dried  and  hardened  by 
natural  oxidation,  which  will  require  ?it  least  ten  days.  If  practi- 
cable, it  would  be  a  ereat  deal  better,  as  well  as  more  economical, 
to  apply  the  second  coat  not  less  than  four  weeks  after  the  first 
one. 

*Manuscript  received  May  24,  1897. — Secretary.  Ass'n  of  Eng.  Socs. 
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Third.  As  a  second  coat,  a  good  grade  of  graphite  paint  is 
to  be  apphed  as  thickly  as  possible,  working  the  paint  thoroughly 
with  the  brush.  From  the  examinations  made  of  the  various 
grades  of  graphite  paints,  as  far  as  graphitic  pigments  are  con- 
cerned, there  appears  to  be  but  little  difference  between  them,  pro- 
vided, of  course,  that  the  pigment  contains  at  least  33  per  cent,  of 
pure  graphite,  the  rest  of  the  pigment  being  natural  rock,  ground 
very  fine  in  pure  linseed  oil.  The  graphite  paint  should  be  bought 
in  paste  form,  well  ground,  and  contain  not  less  than  70  per  cent, 
of  pigment  and  30  per  cent.,  by  weight,  of  the  best  quality  of  boiled 
linseed  oil;  the  paste  should  be  mixed  with  boiled  linseed  oil  at  the 
place  where  it  is  to  be  applied.  No  turpentine,  no  benzine,  and  no 
Japan  or  driers  should,  under  any  circumstances,  be  allowed  in 
this  paint. 

The  system  just  described,  if  properly  carried  out,  will  give 
a  protective  coating  which  will  last  for  many  years,  and  it  is  firmly 
believed  that  this  system  of  painting  (provided  that  the  paints  are 
of  the  best  quality)  will  protect  iron  and  steel  for  a  longer  period 
than  any  other  system  now  in  vogue. 

Fourth.  There  are  certain  parts  of  steel  or  iron  bridges, 
viaducts  or  tunnels  that  should  have  an  additional  (third)  coat  of 
paint.  These  include  such  places,  or  parts  of  structures,  as  are 
directly  exposed  to  the  steam,  fumes  and  gases  from  passing  en- 
gines. For  such  a  coat  some  cheaper  asphalt  paints,  applied  very 
thickly  over  the  coats  above  recommended,  would  be  all-suflfiicient. 
Such  a  coat  would  protect  the  underlying  primary  coats  for  many 
years,  preserving  their  natural  toughness  and  elasticity,  and  pre- 
venting atmospheric  action  on  the  structure. 

In  the  past,  red  lead  was  largely,  if  not  exclusively,  used  as  a 
paint  for  iron  and  steel  structures,  but  within  the  last  ten  years 
it  has  been  to  a  great  extent  discarded  by  progressive  engineers 
and  builders.  It  is  true  that  we  to-day  have  advocates  of  red  lead 
as  the  best  paint.  Still,  the  fact  that  these  so-called  red-lead  men 
now  begin  to  add  carbon  black  or  graphite  to  their  paint,  is  a  sure 
sign  that  they  themselves  no  longer  believe  red  lead  alone  to  be 
the  best  pigment. 

Fifteen  vears  or  more  ago  iron-oxide  men  appeared  and 
flooded  the  country  with  their  various  grades  and  qualities  of  iron- 
oxide  paint,  as  being  the  paint  whicli  nature  itself  had  provided 
for  the  protection  of  steel  and  iron  structures  against  rust  and 
corrosion.  From  the  investigations  made,  as  well  as  from  practi- 
cal experiments,  it  appears  that  the  iron-oxide  paints  are  not  very 
desirable,  at  least  for  the  first  coat  or  two,  for  iron  or  steel;  but, 
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as  a  third  coat,  for  the  protection  of  the  underlying  paints,  they 
may  be  recommended. 

However,  the  exten.sive  investigation  of  the  graphite  paints 
that  can  be  obtained  in  the  markets  to-day  shows  that,  if  properly 
applied,  they  are  far  superior  to  iron-oxide  paints  for  the  second 
or  third  coat,  especially  as  they  withstand  the  action  of  moisture 
and  water  much  better  than  the  best  iron-oxide  paint  so  far  ex- 
amined. Besides,  a  graphite  paint,  in  paste  form,  well  ground 
and  mixed  with  boiled  linseed  oil,  will  not  cost  very  much  more 
per  gallon  than  the  cheapest  iron-oxide  paint  in  the  market. 

In  recommending  asphalt  varnish  paint  or  carbon  paint  for 
the  first  coat,  great  stress  is  laid  upon  the  necessity  of  having  the 
surfaces  of  iron  or  steel  as  free  from  moisture  as  possible  while  the 
structures  are  being  painted,  otherwise  there  is  great  danger  that 
the  coating  will  not  adhere  very  firmly,  and  that  it  will  thus  actu- 
ally nullify  the  value  of  the  paint.  This  precaution  is  less  import- 
ant when  an  ordinary  iron-oxide,  paint  or  red-lead  paint,  simply 
mixed  with  linseed  oil,  is  used;  because  linseed  oil  itself  has  the 
property  of  absorbing  moisture  quite  readily,  whereas  carbon  or 
asphalt  paint  will  not.  The  lack  of  this  property  in  the  two  last- 
named  paints  is  one  of  the  principal  reasons  why  they  are  superior 
to  any  other  class  of  paints. 

Although  it  is  proper  that  true  economy  should  always  be  ex- 
ercised, preference  should  not  be  given  to  any  paints  whose  prop- 
erties lie  simply  in  the  fact  that  small  c[uantities  of  them  cover 
great  areas.  Often  the  first  question  asked  is:  "How  many  square 
feet  can  you  cover  with  a  gallon  of  your  paint?"  cheapness  being 
considered  the  most  important  factor.  Of  course,  the  greater  the 
number  of  feet  that  can  be  covered  with  one  gallon  of  paint  the 
thinner  will  be  the  protecting  coat.  There  is  a  limit  beyond  which 
it  is  inadvisable  to  carry  this.  Other  things  being  equal,  the  paint 
that  can  be  spread  over  a  fairly  good  area  should  be  considered 
superior  to  any  which  goes  to  the  extreme  either  way. 

The  various  paints  examined  are  classified  under  the  follow- 
ing heads: 

First.     True  asphaltic  varnish  paints. 

Second.  So-called  asphaltic  varnishes  or  paints,  of  inferior 
qualities. 

Third.  Black  carbon  paints,  in  which  the  vehicle  is  practi- 
cally a  varnish. 

Fourth.  Iron-oxide  paints,  consisting  of  more  or  less  iron- 
oxide  with  more  or  less  siliceous  matter  and  compounds  of  lime 
or  of  mag-nesia. 
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Fifth.     Graphite  paints  and  sihca  graphite  paints. 

The  tests  were  carried  on  through  periods  ranging  from  six 
months  to  over  two  years.  The  number  of  paints  subjected  to  test 
was  twenty-two.  All  these  paints  have  been  analyzed  chemically 
to  ascertain  the  quality  of  material  used  in  them.       * 

The  true  asphaltic  varnish  paints  are  compounded  in  the 
same  manner  as  the  black  japans,  known  as  baking  japans,  and  are 
made  practically  in  the  same  way  as  varnishes,  from  linseed  oil, 
gum,  asphaltum  and  turpentine.  Some  of  them  contain  carbon 
black  and  a  small  amount  of  inert  mineral  matter. 

The  carbon  paints  consist,  as  regards  the  pigment,  mostly  of 
carbon  black,  with  some  white  lead;  the  vehicle  in  which  the  paint 
is  ground  is  practically  a  linseed  oil  varnish,  thinned  down  with 
turpentine.  These  two  paints  are  closely  related  to  one  another 
and  are  comparable.  Both  are  considered  to  be  of  great  value  for 
the  protection  of  iron  and  steel,  if  properly  applied. 

The  asphalt  paints  of  inferior  quality,  which  might  be  of  value 
as  a  last  coat,  or  wearing  coat,  especially  on  certain  parts  of 
bridges,  viaducts  or  tunnels  are  made  of  asphaltum  dissolved  in 
benzine  or  other  volatile  oils,  but  are  not  a  true  varnish  made  from 
linseed  oil.  They  contain  about  43  per  cent,  of  volatile  oils  and 
56.5  per  cent,  of  solid  carbonaceous  bitumen  (asphaltum). 

In  using  these  paints,  namely,  asphalt  dissolved  in  benzine, 
in  mixtures  of  benzine  or  rosin  spirit,  or  in  other  light  neutral  oils, 
the  principal  trouble  is  that  in  spreading  them  over  oiled  surfaces 
the  light  oil  evaporates  so  fast  that  it  is  difficult  to  spread  them 
properly.  There  is  also  another  objectionable  feature  in  connnec- 
tion  with  the  benzine  paint,  namely,  that  where  such  a  paint  is  ap- 
plied to  iron  surfaces  the  rapid  evaporation  of  the  benzine  absorbs 
a  great  deal  of  heat,  and.  if  the  air  should  happen  to  be  highlv 
saturated  with  moisture  at  the  time,  the  reduction  in  the  tempera- 
ture of  the  surface  of  the  adjacent  iron  may  cause  a  condensation 
of  moisture,  preventing  the  paint  from  coming  in  close  contact 
with  the  iron  and  producing  a  tendency  to  blister. 

These  cheap  asphaltic  paints  may  show  up  well  enough  in  the 
beginning,  but  as  a  rule,  after  the  volatile  oil  has  evaporated, 
especially  in  subjecting  the  painted  iron  to  the  heat  test,  the  coats 
become  quite  brittle,  can  be  easily  removed  by  abrasion  and  do 
not  protect  the  iron  against  rust. 

As  a  matter  of  interest,  it  may  be  stated  here  that  one  of  the 
so-called  asphaltic  paints  when  analyzed  chemically  showed  no 
asphaltum  at  all. 

The  iron-oxide  paints  were  of  different  grades  and  qualities. 
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It  is  not  the  intention  of  the  writer  to  give  their  chemical  analysis, 
because  every  paint  was  compounded  differently  and  contained 
more  or  less  iron  oxide  and  siliceous  matter.  As  a  rule  the  paints 
were  well  ground,  and  spread  and  covered  to  a  satisfactory  extent. 

As  stated  before,  the  graphite  paints  contain  from  33  to  83 
per  cent,  graphite,  the  balance  being  inert  insoluble  matter,  con- 
sisting mostly  of  compounds  of  lime,  magnesia,  alumina  and  iron 
oxide. 

Besides  the  chemical  examination,  the  paints  were  subjected 
to  a  systematic  practical  test,  to  ascertain  their  real  values  as  anti- 
rust  paints.  For  that  purpose  comparative  tests,  by  painting 
pieces  of  sheet  iron,  tinned  iron  and  galvanized  iron,  wooden 
boards  and  shallow  sheet  iron  dishes,  were  carried  on.  The  iron 
dishes  were  about  12  inches  in  diameter  and  about  -h  inch  deep, 
having  a  capacity  of  about  -|  pint.  The  scale  or  skin  was  carefully 
removed  before  painting,  so  as  to  have  a  clean  surface  of  iron  ex- 
posed next  to  the  paint.  Two  dishes  were  painted  with  each  kind 
of  paint — one  of  them  receiving  one  coat,  the  other  two  coats,  the 
first  coat  having  dried  thoroughly  (for  at  least  a  week)  before  the 
second  coat  was  applied.  After  the  second  coat  had  completely 
dried  and  hardened,  these  dishes  were  exposed  to  the  so-called 
water-and-moisture  test,  in  which  a  given  amount  of  water  is 
placed  in  the  dishes  and  allowed  to  evaporate  to  dryness  at  the 
ordinary  temperature  of  the  room.  This  is  repeated  a  number  of 
times,  until  the  inside  of  the  dishes  begins  to  show  more  or  less 
rust.  All  dishes  were  carefully  examined  before  each  refilling. 
After  most  of  the  water  has  evaporated,  there  remains,  at  the  junc- 
tion around  the  edge,  a  thin  film  of  water,  which,  in  contact  with 
the  air  and  with  the  carbonic  and  other  acids  in  the  air,  acts  on 
the  paint  in  such  a  way  that  the  iron  under  the  paint  begins  to 
rust.  The  rust  thus  formed  develops  more  and  more  after  each 
evaporation,  in  some  cases  practically  covering  the  whole  dish  in  a 
short  period.  In  actual  practice  and  service,  the  same  thing  will 
happen,  the  only  difference  being  that  the  rust  will  extend  under 
the  paint  and  will  not  show^  as  plainly  as  on  the  dish.  This  test 
is  a  most  important  and  severe  one  for  the  purpose  of  determining 
in  a  relatively  short  time  the  weather-resisting  power  of  a  paint. 
If  the  paint  is  unable  to  resist  this  action  of  the  water  or  moisture 
under  these  conditions,  it  cannot  be  desirable  for  the  protection  of 
iron  or  steel  structures.  But  other  qualities  in  the  paint  have  to 
be  taken  into  consideration  in  connection  with  this  test  before  a 
correct  opinion  as  to  its  merits  can  be  formed. 

The  dishes  painted  with  true  asphalt  varnish  and  with  the 
carbon  paint  were  refilled  fourteen   times.     The   dishes  painted 
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\vith  one  coat  showed  very  little  deterioration,  while  the  dishes 
with  two  coats  showed  none  at  all,  the  paint  being  as  elastic  and 
tough  as  when  iirst  applied. 

.  The  behavior  of  the  cheap  and  inferior  so-called  asphalt 
paints,  applied  on  the  surfaces  of  the  dishes,  was  quite  different. 
After  the  fifth  exposure,  the  dishes  with  one  coat  showed  consider- 
able rust  all  over.  Those  with  two  coats,  after  the  seventh  ex- 
posure, showed  not  much  better. 

Quite  a  ditTerence  was  apparent  in  the  test  of  the  iron-oxide 
paints.  On  the  average,  after  the  fifth  exposure,  a  good  many- 
rust  spots  or  specks  appeared  on  the  surfaces  of  the  dishes  painted 
with  one  coat.  The  dishes  with  two  coats  were  refilled  six  times 
and  on  them  rust  could  be  easily  detected  with  the  naked  eye. 

The  graphite  paints  so  far  examined  acted  much  the  same  in 
comparison  with  one  another;  although,  upon  chemical  examina- 
tion of  the  samples  submitted,  quite  a  variation  was  found  in  the 
amount  of  graphite  present  in  the  pigment. 

The  object  of  procuring  the  graphite  in  the  form  of  paste  was, 
in  the  first  place,  to  get  the  paints  ground  only  in  boiled  oil,  so  that 
they  could  be  thinned  with  oil  before  painting,  under  exactly  the 
same  conditions;  second,  if,  after  the  examinations  and  tests,  any 
difference  was  found,  it  would  be  easy  to  ascertain  whether  or  not 
such  difference  was  due  to  the  amount  of  graphite  present.  In 
mixing  these  different  graphite  paints  with  boiled  linseed  oil,  ready 
to  apply,  4^  parts  of  paint  and  3^  parts  of  oil,  by  weight,  were  used. 
As  all  these  graphite  paints  were  received  at  about  the  same  time, 
all  the  comparative  tests  were  made  under  exactly  the  same  con- 
ditions, and  all  moisture  or  water  tests  were  made  side  by  side. 
Therefore,  the  results  obtained  so  far  are  comparative  and  conse- 
quently of  more  value  than  otherwise  would  have  been  the  case. 
All  the  dishes  with  one  coat  were  exposed  ten  times  to  the  water 
test,  and  on  examining  the  records  it  will  be  observed  that  all  these 
graphite  paints  began  to  show  a  few  specks  of  rust  after  the  fifth 
evaporation,  and  that  the  number  gradually  increased  after  each 
successive  evaporation.  After  the  tenth  exposure  some  slight 
difference  between  them  is  shown,  but  not  very  much.  All  the 
dishes  given  two  coats  have  so  far  been  exposed  thirteen  times, 
and  none  of  them  show  any  rust  or  indication  of  rust.  The  natural 
toughness  and  elasticity  is  still  in  the  paint  after  the  treatment. 

Besides  this  moisture-and-watcr  test,  all  paints  have  been  sub- 
jected to  a  heat  test,  by  placing  painted  sheet  iron  in  the  core  oven 
of  the  brass  foundry  of  the  Great  Northern  Railway  shops.  The 
temperature  of  this  oven  varies  from  220°  to  300°  Fahrenheit,  and. 
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as  the  lire  is  a  direct  one,  all  the  gases  of  combustion,  sucli  as  car- 
bonic acid,  sulphurous  acid,  and  watery  vapor,  came  in  direct  con- 
tact with  the  painted  iron.  This  test  is  of  vakie  also  as  showing 
promptly  whether  a  paint  will  keep  its  elasticity  or  will  become 
brittle  so  that  it  may  be  easily  removed  from  the  surface.  In 
several  instances  this  test  brought  out  serious  defects  in  some  of 
the  paints  examined,  which  had  shown  fairly  good  results  in  the 
other  tests.  This  was  the  case  especially  with  the  cheaper  so- 
called  asphalt  paints. 

After  a  month's  exposure  to  the  heat  of  this  core  oven,  the 
painted  pieces  of  sheet  iron  were  examined,  and  the  asphaltic 
varnishes,  carbon  paints  and  graphite  paints  only  were  then  found 
in  good  condition,  although  the  paint  had  become  very  hard, 
owing  to  the  thorough  oxidation  and  hardening  of  the  linseed  oil. 
These  three  paints  adhere  very  firmly  to  the  iron  after  the  heat 
treatment;  in  fact,  they  seem  to  be  more  strongly  attached  to  it 
than  to  a  painted  surface  not  exposed  to  heat. 

The  exposure  of  the  painted  iron  to  this  high  temperature  is 
not  exactly  the  same  condition  to  which  it  will  be  subjected  in 
actual  service;  but  this  test,  in  connection  with  the  others,  is  of 
value,  because  if  the  paint  should  become  very  brittle  or  should 
flake  ofif  and  be  easily  removed  from  the  painted  surface  during 
this  test,  it  will  surely  do  so  in  practice  after  a  long  exposure  to  the 
direct  action  of  the  sun,  and  to  great  variations  in  temperature. 

The  writer  wishes  to  give  due  credit  to  Dr.  P.  H.  Conradson, 
who  very  skillfully  carried  out  these  tests  when  at  the  head  of  the 
Great  Northern  Laboratory. 

DISCUSSION. 

Mr.  C.  F.  LowETH. — The  author  very  properly  reiterates  the 
necessity  for  the  exercise  of  care  and  intelligence  in  the  application 
of  paint  to  metal  surfaces;  almost  any  kind  of  paint  will  answer  if 
it  is  to  be  but  indififerently  applied. 

The  application  of  a  priming  -coat  of  high-grade  oil,  as  soon 
as  practicable  after  the  metal  is  rolled,  is  undoubtedly  good  prac- 
tice. There  are.  liowever,  special  paints  which  are  best  applied  to 
the  natural  surface  of  the  metal. 

The  exposure  of  the  structure  may  to  some  extent  determine 
the  expensiveness  of  the  paint  to  l^e  used;  if  the  exposure  is  only 
to  wind  and  weather  less  is  required  of  the  protective  coating  than 
on  train-shed  or  shop  roofs,  or  on  bridges  over  railroads.  We  had 
recently  to  take  down  a  street  bridge  which  spanned  several  much- 
used  railroad  tracks.  The  bridge  had  a  wide,  tight  floor,  which 
29 
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held  the  smoke  from  passing  locomotives  in  contact  with  the 
structure  for  a  long  time.  The  bridge  had  been  put  up  but  about 
six  years,  and  had  not  been  painted  since  its  erection,  the  paint 
at  that  time  being  probably  of  a  very  common  grade.  All  of  the 
metal-work  under  the  floor  was  very  badly  rusted,  and  the 
surfaces  in  contact  at  the  lower  chord  panel  points  were  by  far  in 
the  worst  condition.  For  all  such  cases  the  best  quality  of  paint, 
and  its  most  thorough  application,  especially  to  surfaces  in  contact, 
are  very  desirable. 

I  cannot  agree  with  the  author  that  "iron-oxide  paints  are  not 
very  desirable."  Where  honestly  made,  they  have,  even  under 
severe  conditions,  given  very  general  satisfaction.  The  qualifica- 
tion is  important,  as  oxide,  carbon,  or  asphalt  paints  may  be  alike 
good,  bad  or  indiiTerent,  depending  on  the  purity  of  the  ingre- 
dients and  the  thoroughness  of  manufacture. 

A  graphite  paint  is  a  carbon  paint,  as  graphite  is  a  form  of 
carbon.  It  is  not  a  new  product,  as  the  Dixon  Crucible  Company 
has  been  making  such  a  paint  for  about  twenty-five  years.  A 
graphite  (?)  paint  with  but  33  per  cent,  of  graphite  can  be  called  a 
graphite  paint  only  by  courtesy,  and  may  be  good  or  otherwise, 
depending  on  the  character  of  the  remaining  67  per  cent,  of  the 
pigment.  If  this  is  largely  silica  it  will  doubtless  be  a  good  paint, 
but  it  should  be  called  a  silica  or  silica-graphite  paint. 

The  black  paints  used  for  street  signs  are  doubtless  largely 
carbon  made  of  lamp  or  boneblacks.  On  old,  weather-beaten 
signs  it  is  frequently  the  case  that  the  black  paints  remain  in  good 
condition,  while  the  surfaces,  originally  painted  white,  and  prob- 
ably with  oxide  of  lead,  have  become  nearly  or  quite  exposed. 

The  test  by  exposing  the  samples  in  a  core  furnace  seems  un- 
necessarily severe.  A  paint  thoroughly  suitable  for  metal  surfaces 
exposed  to  ordinary  conditions  of  w^eather  might  not  show  up  well 
in  this  furnace  test.  A  paint  suitable  for  metal  surfaces  of  high 
temperature  must  be  a  specially  prepared  paint. 

Mr.  A.  MuNSTER. — I  think  we  are  all  greatly  indebted  to  Mr. 
Toltz  for  his  experiments  on  the  qualities  of  paints  for  iron  work, 
and  for  his  discussion  of  the  information  thus  obtained. 

It  is  a  very  serious  problem  for  all  structural  engineers,  and 
especially  so  for  us  here  in  St.  Paul,  where  we  have  not  less  than 
twenty-four  iron  bridges  spanning  railroad  tracks  and  exposed  to 
the  steam  and  fumes  from  locomotives. 

The  protection  given  by  the  common  iron-oxide  and  lead 
paints  to  the  part  of  the  iron-work  directly  exposed  to  the  smoke, 
is  of  such  short  duration  that  it  seems  hardly  worth  while  to  put 
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them  on;  and  we  have  from  time  to  time  used  different  kinds  of 
so-called  asphalt  paint  with  no  better  results. 

In  1895  we  used,  for  the  first  time,  an  asphaltum  varnish  on 
our  Sixth  Street  viaduct.  The  following  year  the  same  class  of 
paint  was  used  on  the  new  Como  Avenue  bridge  and  the  Missis- 
sippi Street  bridge.  The  varnish  did  not  show  very  enduring 
qualities  on  that  part  of  the  Sixth  Street  bridge  across  the  tracks 
of  the  Great  Northern  Railway,  where  the  traffic  is  very  heavy,  but 
the  weather  was  getting  cold  while  the  painting  of  this  bridge  was 
in  progress.  The  varnish,  in  consequence,  became  very  thick  and 
difficult  to  spread,  and  I  have  a  strong  suspicion  that,  in  spite  of 
all  watchfulness,  the  painters  added  benzine  in  order  to  thin  it,  an 
addition  which,  the  manufacturers  claimed,  would  be  distinctly  in- 
jurious to  the  varnish. 

Last  year  we  painted  eight  of  our  bridges,  and,  for  the  sake 
of  getting  a  comparison  of  their  qualities,  we  used  the  following 
kinds  of  paint:  Graphite  paint,  an  anti-rust  paint  (with  a  priming 
coat  of  red  lead),  asphaltum  varnish  and  asphaltum  paint  (asphalt 
dissolved  in  benzine). 

In  the  panels  of  the  Sixth  Street  viaduct,  already  mentioned, 
from  which  the  asphaltum  varnish  had  peeled,  we  painted  sections 
with  each  of  these  paints,  so  that  they  should  be  exposed  to  the 
same  conditions. 

Inspection  of  the  bridges  during  last  spring  shows  a  decided 
difference  in  the  quality  of  the  paints.  The  anti-rust  and  asphal- 
tum paint  had  failed  entirely  wherever  exposed  directly  to  the 
smoke  from  the  locomotives — (although  in  fairly  good  condition 
on  the  other  parts  of  the  bridge) — while  the  asphaltum  varnish  and 
the  graphite  are  apparently  in  the  same  condition  as  when  first 
applied,  and  further  exposure  is  necessary  to  determine  the  relative 
values  of  these  two  paints.  The  graphite  paint  has  one  initial  ad- 
vantage over  the  asphaltum  varnish,  in  that  it  can  be  used  under 
all  ordinary  conditions  of  temperature,  while  warm  weather  is 
necessary  for  all  painting  with  the  varnish. 

Mr.  K.  E.  HiLGARD. — I  cannot  agree  with  the  statement  that 
the  addition  of  carbon  (lampblack),  graphite,  white  lead,  Japan 
drier,  or  turpentine,  to  red  lead  should  be  made  on  the  grounds  of 
dis-belief  in  the  protective  qualities  of  red-lead  paint.  The 
thorough  mixing  of  real  red  lead  with  genuine  and  actual  fire- 
boiled  linseed  oil  is  not  an  easy  matter,  unless  a  special  mixer  is 
available,  and,  owing  to  running,  it  is  usually  difficult  to  spread  the 
mixture  uniformly.  To  overcome  this,  an  admixture  of  the  above- 
named  additional  pigments  and  thinners  is  frequently  resorted  to, 
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for  one  reason.  Another  still  weightier  reason,  however,  for  such 
admixture  is  the  desirabiUty  of  obtaining  a  color  sufficiently  dif- 
ferent to  'clearly  distinguish  each  successive  coat  of  paint.  This 
is  a  quite  important  feature,  from  the  standpoint  of  the  bridge 
engineer,  and  from  that  of  his  inspector  in  particular,  masmuch  as 
it  is  not  easy  to  obtain  two  actually  "all-covering"  coats  of  the 
same  paint  and  color.  The  great  desirability,  correctly  pointed 
out,  of  allowing  one  coat  to  dry  thoroughly,  on  the  surface  at  least, 
before  the  next  is  applied,  suggests  naturally  that  the  painting  be 
done  by  the  railway  company's  own  men,  kept  in  rotation  between 
several  structures,  instead  of  by  contract.  Quite  satisfactory  re- 
sults in  painting  structures  on  the  Northern  Pacific  Railway  sys- 
tem have  been  obtained  within  the  last  few  years  by  using  genuine 
red-lead  paint  or  genuine  black  asphaltum  varnish  for  a  first  coat 
to  protect  the  metal,  and  following  this  in  turn  by  one  or  more 
successive  "overcoats"  of  dense  linseed  oil  paints,  in  which  the 
finely  ground  pigments  were  either  iron  oxide,  graphite  or  similar 
substances,  such  as  "Bessemer,"  "Silica  Graphite,"  etc. 

I  fully  agree  that  the  area  covered  with  one  paint  and  used 
by  one  gang  of  painters  on  a  certain  class  of  structures,  and  under 
certain  atmospheric  conditions,  in  a  certain  season  and  certain  lo- 
cality, is  no  just  criterion  for  comparison  with  the  area  covered 
with  another  paint  on  another  class  of  structures,  applied  by  a 
different  gang  of  painters  in  another  season,  and  under  other  con- 
ditions (referring  to  work  being  done  either  by  "contract"  or 
"company's  force  account").  In  my  opinion  the  covering  capac- 
ity, which  is  usually  the  principal  argument  made  by  paint  agents, 
is  one  of  the  most  valueless  which  they  can  make,  inasmuch  as  the 
actual  area  covered  with  the  same  paint  is  considerably  influenced 
by  the  personal  equation  of  the  user  and  by  other  circumstances 
just  mentioned.  The  most  desirable  and  effective  protective  coat 
for  a  clean  metal  surface  of  steel  or  iron  structures  is  a  heavy  coat 
which  does  not  dry  too  quickly  on  the  metal  surfaces,  which  will 
assume  a  hard  though  not  brittle  outer  surface,  and  which  will  not 
flow  under  the  effect  of  heat;  and  I  find  this  can  be  obtained  by  a 
heavy  coat  (applied  after  erection)  of  red  lead  or  genuine  black 
asphaltum  varnish,  both  of  which  show  great  adhesion  and  elastic- 
ity, and  can  be  made  to  remain  in  that  condition  for  a  consider- 
able length  of  time  is  well  protected  by  effective  "overcoats"  as 
just  suggested.  Any  paints  containing  benzine,  kerosene,  tar, 
rosin,  spirits  or  other  volatile  oils,  small  quantities  of  turpentine 
alone  excepted,  are  believed  to  be  of  little  or  no  value  for  pro- 
tective coats. 
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The  admixture  of  carbon  or  lampblack  with  the  oil,  if  ap- 
plied on  the  structural  material  previously  cleaned  from  scales, 
rust,  grease  and  dirt,  at  the  shop,  or  preferably  at  the  mill,  is  not 
believed  to  be  of  great  importance,  inasmuch  as  the  principal  ad- 
vantage of  this  priming  coat  of  oil,  next  to  preventing  early  rust- 
ing, is  that  within  a  week  or  ten  days,  or  sometimes  even  sooner, 
it  tends  to  loosen  scales  which,  previous  to  oiling,  could  not  be 
removed  by  scrapers.  It  thus  permits  their  subsequent  removal. 
The  oiling  seems  to  affect  the  scales  in  the  same  way  as  (to  some 
extent)  it  affects  rivets.  It  has  been  observed  that  rivets,  found 
absolutely  tight  after  cooling,  have  been  slightly,  although  seldom 
"objectionably,"  loose  within  a  week  after  the  material  had  been 
oiled. 

No  mention  has  been  made  regarding  the  sand-blast  action 
of  steam  escaping  through  locomotive  smoke-stacks,  "blowing" 
while  standing  under  bridges  wuth  little  head  room.  Such  bridges 
are  frequently  found  at  terminals.  I  believe  that  this  injurious 
action  could  to  some  extent  be  effectively  counteracted  by  apply- 
ing an  additional  heavy  coat  of  red-lead  paint,  or  better,  real 
asphaltum  varnish,  sanded  over  with  sharp,  clean,  hard  sand  by 
means  of  an  air-blower.  This  has  been  frequently  suggested,  but 
no  occasion  has  offered  itself  for  its  trial  within  the  scope  of  my 
jurisdiction.  A  heavy  coat  of  paint  which  does  not  dry  too  quick- 
ly on  the  metal  surface  will  at  the  same  time  better  protect  the 
metal  itself  from  becoming  very  hot  under  the  effect  of  the  sun's 
rays  and  the  injurious  effect  of  expansion  and  contraction  on  the 
protective  coating  is  in  turn  diminished.  While  many  of  the  re- 
sults obtained  and  deductions  made  from  Dr.  Conradson's  most 
intelligently  and  carefully  made  laboratory  tests,  and  so  interest- 
ingly presented  to  us  by  Mr.  Toltz,  are  very  valuable,  it  is  not  be- 
lieved that  all  of  these  tests  alone  can  form  an  absolute  substitute 
for  observations  or  experiments  with  different  paints  made  on  the 
actual  bridge  structure,  with  due  consideration  of  the  different 
circumstances  and  conditions  under  which  the  paint  is  applied, 
and  to  which  the  structure  itself  is  subjected. 

Few  shops  are  equipped  with  sufficient  room  under  cover  for 
storing  material  which  has  been  received  from  the  mills,  although 
this  is  very  desirable.  At  some  shops  visited  by  me,  iron  or  steel 
that  is  not  worked  up  at  once  in  the  shop  is  allowed  to  rust  to  a 
most  objectionable  degree.  Of  course,  it  is  supposed  and  claimed 
to  be  cleaned  again  before  painting,  but  I  have  observed  cases  in 
W'hich,  if  this  were  done  properly,  the  manufacturer  would  find  it 
cheaper  to  acquire  covered  storage  space.     I  can  concur  to  only 
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a  limited  degree  in  the  opinion  of  some  shop  men  that  shght  rust- 
ing of  iron  and  steel  previous  to  the  application  of  the  first  coat  of 
paint  is  not  only  harmless,  but  even  desirable,  because  the  paint 
will  adhere  more  firmly.  The  only  slight  advantage  gained  from 
incipient  rust  is  the  loosening  of  scales,  but,  as  already  pointed  out, 
this  advantage  can  be  gained  in  a  much  greater  measure  by  oiling 
*  the  material  previous  to  its  receipt  at  the  shop.  In  my  experience, 
it  has  been  found  that  it  is  quite  satisfactory  to  defer  all  actual 
painting  until  after  the  structure  is  erected,  except  such  surfaces 
as  are  not  accessible  thereafter.  It  is  found  that  a  good  "old-time" 
coat  of  real  kettle  and  fire-boiled  linseed  oil  will  sufficiently  protect 
the  iron-work  from  four  to  six  months  where  it  is  not  exposed  to 
particularly  unfavorable  atmospheric  or  other  influences.  This 
practice  has  thus  permitted  us  to  defer  the  painting  to  the  season 
most  suited  for  that  work. 

It  is  especially  important  that  red-lead  paint,  and  even  more 
so  that  asphaltum  varnish,  be  applied  at  a  favorable  season. 
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ON  THE  ORIGIN  OF  THE  CHEZY  FOKMUI.A. 

V  =  c  1^  r  s  . 


By  Clemens  Herschel,  Member  of  the  Boston  Society  of  Civil 

Engineers. 


[Read  before  the  Society  May  19,   1897.*] 

The  place  where  tlie  Chezy  fonimla  was  first  stated  has  long 
been  sought  for.  So  careful  a  student  as  Hagen,  in  his  "Re- 
searches upon  the  Uniform  Flow  of  Water,"  in  1876,  says,  p.  65, 
that  Prony  states  that  Chezy  set  up  this  formula  in  1775,  on  the 
occasion  of  a  report  that  Chezy  made  on  the  Canal  de  I'Yvette  in 
conjunction  with  Perronet.  "But,"  says  Hagen,  "I  have  sought 
in  vain  for  further  information  on  the  subject." 

Through  the  kindness  of  a  friend  in  Paris,  I  have  traced  the 
original  Canal  de  I'Yvette  report  to  its  hiding-place,  and  the  follow- 
ing is  a  translation  of  so  much  of  that  report  as  refers  to  the 
formula  in  question.  To  the  best  of  my  knowledge  and  belief  it 
is  now  for  the  first  time  printed. 


When  we  have  a  flow  of  water  to  convey,  either  to  procure 
some  at  a  place  where  there  is  none,  or  to  drain  a  territory  which 
has  too  much  of  it,  we  should  always  cause  a  maximum  quantity 
to  flow  with  the  least  possible  slope. 

After  having  designed  a  ditch  or  channel,  and  having  adjusted 
and  regulated  its  slope,  it  is  very  interesting  to  know  if  the  section 
of  this  channel  will  be  sufficient  to  conduct  the  water  which  is  to 
flow  in  it.  To  know  this,  it  is  necessary  to  know  the  speed  which 
the  water  will  have  in  the  ditch,  which  we  will  suppose  to  have  a 
uniform  slope. 

This  is  not  now  a  question  of  initial  or  momentary  velocity, 
which  may  be  very  great  if  it  is  caused  by  a  head  of  water,  or  very 
little  at  first,  if  it  is  caused  by  no  other  force  than  that  of  gravity 
and  the  slope  of  the  ditch.  Whatever  be  the  initial  velocity,  it  will 
diminish  or  augment  quite  rapidly,  and  will  become  that  uniform 
and  constant  velocity  which  is  due  to  the  slope  of  the  ditch  and  to 
gravity,  whose  effect  is  impaired  by  the  resistance  of  friction 
against  the  sides  of  the  ditch. 

It  is  this  velocity  which  we  are  now  to  learn,  at  least  approxi- 
mately. The  question  thus  proposed  presents  its  own  solution,  for 
it  is  evident  that  the  velocity  due  to  gravity  alone,  which  acts  con- 
*  Manuscript  received  June  7,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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tinuously  (abstracted  from  the  velocity  which  may  have  come 
from  any  other  cause,  and  which,  being  soon  dissipated,  no  longer 
concerns  the  question),  this  velocity  due  to  gravity  is  only  uniform 
when  it  is  no  longer  accelerated,  and  gravity  does  not  cease  to  be 
accelerated,  except  when  its  action  upon  the  water  is  ecjual  to  the 
resistance  occasioned  by  the  wetted  perimeter  of  the  ditch,  but  its 
resistance  is  as  the  square  of  the  velocity,  on  account  of  the  num- 
ber and  force  of  the  particles  moving  in  a  given  ^.ime;  it  is  also  as 
the  length  of  the  wetted  perimeter  of  the  ditch.  The  resistance  of 
the  air  against  the  surface  of  the  water  may  be  neglected. 

If  we  call  V  velocity,  and  the  wetted  perimeter  P,  the  resist- 
ance of  friction  will  therefore  be  as  VVP. 

On  the  other  hand,  the  effect  of  gravity  is  as  the  area  of  the 
section  of  the  flowing  water  and  as  the  slope  of  the  ditch,  or  as  the 
height  which  it  falls  for  each  toise  (6.4  feet)  of  length. 

Calling  now  the  area  of  the  section  o,  and  the  slope  of  the 
ditch  //.  the  effect  of  the  gravit\-  will  be  as  aJi. 

This  granted,  if  by  a  good  observation  one  knew  the  slope  of 

a   ditch H 

the  area  of  the  section  of  the  flowing  water A 

its  velocity , V 

and  the  part  of  the  perimeter  of  the  section  of  the 
flowing  water  touching  the  confines  of  the  ditch.  .      P 

it  would  be  easy  to  find  the  velocity v 

of  the  flowing  water  of  another  ditch  of  which  one 

would  know  the  slope h 

the  area  of  the  section (/ 

and  the  quoted  portion  of  the  perimeter p 

.  for  one  would  have  the  proportion 

VVP:AH:  :  v  v  p  :  a  h 

whence, V  V  P  .  a  h  =  v  z'  p  .  A  H 

and 

\a  h  P     * 

It  is  easy  to  see,  that  to  make  use  of  this  formula,  it  is  neces- 
sary to  have  an  experiment  in  which  all  the  data  are  known. 


*NoTE. — Some  persons,  even  those  versed  in  the  science  of  mechanics, 
have  said  that  the  velocity  of  cm-rents  was  approximately  as  the  square 
root  of  their  fall,  and  knowing  that  the  velocity  incurred  by  a  body  falling, 
whether  freely  or  along  an  inclined  plane,  was  as  the  scjuare  root  of  the 
height  of  fall,  have  believed,  without  giving  the  matter  further  attention, 
that  the  velocities  of  currents  of  different  slopes  were  in  the  same  propor- 
tion from  the  same  cause.     It  is  easy  to  see  that  this  is  an  error. 
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It  has  seemed  to  me  proper  to  report  two  such  in  this  place, 
which  were  made  with  all  the  care  of  which  I  am  capable. 

Desiring  to  know  what  slope  it  was  proper  to  give  to  a  ditch, 
at  the  time  I  was  at  work  on  the  Canal  de  I'Yvette,  I  took  a  trip 
into  the  forest  d'Orleans,  to  measure  the  slope  of  the  Courpalet 
Canal,  which  furnishes  the  water  to  the  summit  level  of  the  Canal 
d'Orleans,  knowing  that  it  had  very  little  slope  in  proportion  to  its 
length.  I  found  by  a  line  of  levels,  run  twice  very  exactly,  that  the 
slope  of  this  feeder,  on  the  23d  September,  1769,  was  3  feet  5 
inches,  2  lignes  (3.657  feet)  upon  its  total  length,  which  is  16,100 
toises  (102,953  feet). 

The  summit  level  of  the  canal  was  then  very  full,  the  water- 
level  being  only  10  inches,  1I5  lignes  lower  than  the  top  of  the 
side-wall  of  the  main  basin  on  the  Grignon  side,  near  the  stop- 
plank  groove,  down  stream  from  the  side  of  the  feeder. 

The  inequalities  in  the  bed  of  the  feeder  and  various  obstruc- 
tions, which  made  the  total  fall  unequally  distributed,  prevented  me 
from  measuring  it;  I  confined  myself  to  making  the  following  ex- 
periment on  a  portion  which  seemed  to  me  most  fit  to  give  what  I 
desired. 

FIRST    EXPERIMENT. 

To  know  the  velocity  corresponding  to  the  slope,  I  chose  a 
portion  of  the  feeder  as  straight  and  as  uniform  as  possible,  at  a 
place  called  la  Gibonniere,  on  a  calm  day. 

A  ball  of  wax  thrown  into  the  middle  of  the  feeder  passed 
over  loi  toises  in  23  minutes,  and  the  second  time,  99  toises  in  22 
minutes  and  a  half;  that  is,  approximately,  5  toises,  3:^  lignes  per 
second  (0.468  feet  per  second). 

The  slope  of  the  ditch  in  this  portion,  levelled  several  times, 
was  found  to  be  6|  lignes  per  100  toises  of  length  (0.07224  per  1000 
feet). 

The  sides  of  the  ditch  at  this  place  are  lined  with  plank,  rest- 
ing against  small  uprights,  held  apart  by  bracing.  These  uprights, 
presumably,  retard  the  velocity  a  little;  the  feeder,  otherwise  in 
quite  good  condition,  very  straight  and  quite  uniform  on  a  con- 
siderable length  above  and  below  the  point  of  observation. 

The  mean  width  between  the  uprights  was  4  feet  o  inches,  f 
lignes  (4.269  feet),  and  the  mean  depth  of  the  water  was  i  foot  7 
inches,  2  lignes  (1.702  feet);  consequently  the  volume  which  flowed 
was  421  water  inches  (3.4  cub.  ft.  per  sec). 

According  to  this  observation,  we  have: 
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F  =  5  inches,  3^  Hgnes  (0.468  ft.) 

H  =:  0.0625  (0.07224  per  loooj. 

A  =^  6  feet  4  inches,  9  lignes  (7.265  sq.  ft.) 

P  =1  y  feet  2  inches,  4.666  Hgnes  (7.679  ft.) 

SECOND    EXPERI.MENT. 

The  Seine,  levelled  on  the  7th  of  October,  1769,  with  all  pos- 
sible care,  had  11  inches  (0.967  ft.)  fall  in  1330  toises  (8505.4  ft.) 
of  length,  from  the  Surenne  Ferry  to  the  new  bridge  at  Neuilly. 
It  ran  through  this  space  in  55  minutes,  the  height  of  the  water 
being  4  feet  7  inches,  6  lignes  above  low-water  mark. 

The  branch  of  the  vSeine  where  this  experiment  was  made  is 
50  toises  in  mean  width,  and  had  then  about  9  feet  depth  of  w^ater. 

The  velocity  of  the  water  was.  therefore,  2  feet  5  inches  per 
second  (2.576  ft.),  and  its  slope  was  i- 10  of  a  ligne  per  toise  (that  is, 
0.1157  per  1000  ft.) 

According  to  this  experiment,  we  have: 

F  =  2  feet  5  inches  (2.576  ft.  English  measure). 

H  ^  o  feet  o  inches,  o.i  ligne  (o.  1157  per  1000). 

A  =  2700  feet  o  inches,  o  lignes  (3066  sq.  ft.) 

F  =  318  feet  o  inches,  o  lignes  (338,988  ft.)  * 


*NoTE. — If,  from  the  experiment  at  la  Gibonniere,  it  were  attempted  to 
compute  the  velocity  of  the  Seine,  from  Surenne  to  Neuilly,  one  would  find: 

P  a/i 


pA  H 


15.291  lignes 


\P  ah,. 
^JAH  =  3-9  lignes 

IP  a  h 
\  PA7/  ~  ^+^-^75  hgnes  ---^  20  inches,  6-3  lig. 

instead  of  29  inches,  as  found  by  the  expernnent. 

This  difference  properly  comes  from  the  fact  that  la  Gibonniere  was 
much  retarded  by  the  little  uprights;  and  perhaps  other  elements,  such  as 
the  tenacity  of  the  water,  ought  to  enter  into  the  question  also.  Besides, 
the  conditions  of  these  two  experiments  were  so  different  that  one  should 
not  expect  to  conclude  from  one  to  the  other,  and  it  is  remarkable  that  the 
results  of  the  formula  do  not  differ  more  from  those  of  the  experiment  than 
above  stated. 

To  derive  a  possible  advantage  from  this  theory,  it  is  necessary  to  have 
a  great  number  of  observations  upon  channels  of  different  sections.  It 
would  be  necessary  to  use  these  observations  which  most  resembled  the 
projected  channel. 

It  would  be  interesting,  also,  to  have  similar  observations  upon  dif- 
ferent brooks  and  rivers;  but  it  is  imi)ortant  to  remember  tliat  all  these 
experiments  demand  the  greatest  care;  that  it  is  very  difficuU  to  make  them 
with  sufficient  precision,  and  that  one  ought  not  to  rely  upon  any  except 
those  made  by  persons  known  to  give  them  the  most  scrupulous  attention. 
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For  the  present,  and  by  means  of  the  preceding  formula,  we 
are  enabled  to  compute  the  velocity  of  the  water  in  a  projected 
channel,  such  as  the  Canal  de  TYvette,  from  either  one  of  the  two 
observations  above  given. 

We  suppose  that  it  may  have  5  feet  width  at  the  bottom,  6  at 
the  top,  and  5  feet  of  depth ,  that  it  is  full  of  water,  and  that  its 
slope  is  18  lignes  per  100  toises.     We  shall  then  have: 

h  =^  0.18  lignes  (0.2083  ft.  per  1000  ft.) 
a  =:  27  feet  6  inches  (31.24  sq.  ft.) 
p  =   IS  feet  (15.99  ft-) 
and  in  making  use  of  the  first  experiment: 


V 


a  h  p  . 

a  h  p  ,. 


v=V  yl^^y,  =  154-  lignes  =  12  ins.  10  lig. 
velocity  sought  (1.14  ft,  or  c  =-  56.5). 

And  in  making  use  of  the  second  experiment: 

a  ^^  P  00^  1- 

y1  HP  ^  °-3^^^  ''g"es 

\a  h  p  .      V 

yj:4-f^p  =  0.623  hgnes 


jr  ja      /l     P  ^     ..  „     .  ,  J 

iJ  —  '^    -»  /    .  IT p  =  216  lignes  =  18  inches  per  second, 
the  velocity  sought,  ( 1.599  ^^^t ;  or  c  =  79.3  ). 

This  last  result  is  perhaps  too  great.  That  of  the  first  experi- 
ment is  too  little,  for  the  reasons  stated.  It  is  certain  that  the 
velocity  of  the  water  in  the  projected  channel  will  be  at  least  a  foot 
per  second;  its  discharge,  therefore,  will  be  27  feet  6  inches  cubic 
per  second;  or  multiplying  by  150,  will  be  4125  water  inches  (33.3 
cub.  ft.  per  sec),  following  the  language  of  the  "fontainiers." 

It  is  therefore  certain  that  such  a  channel  will  be  more  than 
sufficient,  if  it  is  not  necessary  to  have  more  than  two  or  three 
thousand  water  inches  flow  in  it. 


It  will  be  observed  that  the  velocity  measured  by  a  floating 
ball  of  wax  on  the  surface,  and  presumably  in  the  center  of  the 
current,  was  assumed  to  be  the  mean  velocity  of  the  stream. 

It  will  also  be  observed  that  this  report  gives  no  formula  of 
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the  Chezy  form,  only  a  method  of  proportions.     But  in  1776  Chezy 
had  already  generalized  his  ideas  on  the  subject.     He  then  writes: 

"Forvuda  to  find  the  uniform  velocity  that  the  Zi'atcr  ivill  have  in 
a  ditch,  or  in  a  regular  canal  of  which  the  slope  is  kuozi'u,  knozving 
also  the  cross-section  of  the  body  of  moving  zvater.  This  being 
given : 

Let  h  be  the  height  of  slope  per  toise  (fathom)  expressed  in 
Hgnes  of  the  King's  foot.     (That  is.  in  lignes  on  864  lignes.) 

Let  p  be  the  length  measured  along  the  sides  and  bottom  of 
the  channel  (wetted  perimeter)  in  lignes. 

Let  a  be  the  area  of  the  cross-station  expressed  in  lignes  of 
square  feet.     (That  is,  in  1-144  parts  of  a  square  foot.) 

Let  v  be  the  velocity  sought. 

We  shall  then  have 

a    h 


2^2 


V- 


P 

in  lignes  of  the  King's  foot  of  space  passed  over  in  one  second." 
(In  English  feet  this  reduces  to  j*  =  57.3  V^  ^^• 

"Much  is  to  be  gained,"  adds  Chezy.  "in  locating  sunmiit 
levels  of  canals,  from  giving  only  a  small  fall  to  the  summit  feeder." 

DISCUSSION. 

Mr.  Edmund  B.  Weston. — A  few  years  ago,  there  could  be 
found  upon  an  old  tomb  in  Flanders,  the  following  inscription: 
"Vnc  henre  viendra  qui  tout  paiera,"  which,  translated,  reads:  *'An 
hour  shall  come  that  shall  atone  for  all."  If  these  words  had  been 
chiseled  in  commemoration  of  M.  C'hezy.  it  could  be  truly  said 
that  that  which  they  prophesied  had  become  true,  and  that  the 
hour  had  long  since  arrived  which  atoned  for  the  lack  of  apprecia- 
tion accorded  to  this,  now  celebrated,  savant,  during  his  life.  For 
few  there  arc  among  the  l>0()ks  and  essays  of  the  present  day  which 
treat  upon  the  laws  of  the  flow  of  water  in  channels  and  conduits, 
which  do  not  contain  the  simplest  of  all  forms  of  fornudas,  the 
Chezy  fornuila. 

It  has  often  occurred  to  the  writer  from  what  he  has  known 
in  regard  to  the  origin  of  the  Chezy  formula,  and  it  has  been  more 
vividly  impressed  upon  his  mind  by  reading  the  interesting  paper 
by  Mr.  Ilerschel,  that  M.  Chezy  nuist  have  been  a  man  of  very 
superior  ability  to  have  \)vcn  able  to  construct  such  a  simple  and 
useful  form  of  fornuila,  with  so  little  experimental  knowledge  at 
his  disposal.     A  form  of  fornuila  that  has  been  for  more  than  one 
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hundred  years  extensively  used  as  a  hydraulic  formula  of  the  first 
rank,  and  even  at  this  enlightened  period  of  the  world's  progress, 
notwithstanding"  the  large  amount  of  experimental  data  which 
modern  scientific  investigators  can  make  use  of,  the  form  of  the 
Chezy  formula  still  seems  to  be  growing  in  popularity. 

What  little  can  be  learned  in  regard  to  the  professional  career 
of  M.  Chezy,  would  imply  that  his  worth  was  not  recognized  dur- 
ing his  life.  This  may  have  been  due  to  the  unsettled  state  of 
afTairs  in  Europe  during  the  latter  part  of  the  eighteenth  century, 
or  it  may  have  been  that  the  results  of  the  work  with  which  he  was 
identified  were  not  in  so  great  a  demand  during  his  life  as  after  his 
death,  and,  consequently,  did  not  become  as  well  known  to  the 
world  at  larsfe. 
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PROCEEDINGS. 


Engineers'  Club  of  St.  Louis. 

446TH  ^Meeting,  January  6,  1897. — The  meeting  was  lield  at  1600  Lucas 
Place,  with  Vice-President  Bryan  in  the  chair,  who  called  the  meeting  to 
order  at  8.10  p.  m.     Twenty-four  members  and  one  visitor  were  present. 

Tlie  minutes  of  the  444t]i  and  445th  meetings  were  read  and  approved. 
The  Executive  Committee  reported  the  proceedings  of  its  225th,  226th, 
227th,  and  228th  meetings. 

Mr.  J.  A.  Ockerson  explained  that  two  Belgian  engineers,  Messes..  J. 
A.  Pierott  and  Henri  Vander  Vin,who  had  visited  St.  Louis  for  the  purpose 
of  examining  dredge  boats  and  river  improvements,  had  been  entertained  at 
the  expense  of  the  club. 

The  names  of  Messsrs.  C.  E.  Delafield,  G.  S.  Montgomery,  and  A.  L. 
McRae  had  been  reported  upon  favorably  by  the  Executive  Committee, 
and  these  gentlemen  were  balloted  for  and  elected  to  membership  in  the 
club. 

The  names  of  Messrs.  W.  H.  Boehm,  instructor  in  mechanical  engi- 
neering, Washington  University,  and  David  R.  Williams,  mechanical  super- 
intendent. Planters  Hotel,  were  proposed  for  membership  and  referred  to 
the  Executive  Committee. 

Mr.  H.  A.  Wheeler  stated  that  the  National  Brick  ^Manufacturers'  Asso- 
ciation was  soon  to  hold  its  convention  in  St.  Louis,  and  suggested  that 
the  club  tender  the  use  of  its  rooms.  The  Secretary  was  instructed  to  write 
to  the  Association  and  make  such  an  offer. 

The  paper  of  the  evening,  by  Mr.  F.  F.  Harrington,  was  then  read.  It 
was  entitled  "A  New  Testing  Machine  and  the  Cross  Breaking  Test  of 
Vitrified  Brick."  The  paper  was  illustrated  by  lantern  slides,  drawings, 
photographs,  and  broken  specimens  of  paving  brick.  The  testing  machine 
was  described,  and  tlie  methods  of  calibrating  the  machine  and  determining 
its  friction  were  explained.  A  number  of  tests  of  vitrified  paving  brick 
were  given  and  broken  specimens  were  exhibited.  In  conclusion,  standard 
methods  for  making  the  cross  breaking  test  of  vitrified  brick  were  pro- 
posed. 

The    Secretary    announced    that    he    had    received    the    resignation    of 
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^lessrs.  George  F.  Thompson,  S.  E.  Johannsen,  David  ]\IoIitor,  Clias.  F. 
Muller,  Kivas  Tully,  and  C.  H.  Shannan. 

There  being  no  further  business,  the  meeting  adjourned. 

Richard  McCulloch,  Secretary. 

447TH  Meeting,  January  21,  1897. — The  meeting  was  held  at  1600 
Lucas  Place.  President  Flad  was  in  the  chair  and  called  the  meeting  to  or- 
der at  8.15  p.  M.  Thirty-four  members  and  four  visitors  were  present.  The 
minutes  of  the  446th  meeting  and  of  the  230th  meeting  of  the  Executive 
Committee  were  read  and,  with  some  minor  changes,  were  approved. 

The  name  of  Wm.  H.  Boehm,  instructor  in  mechanical  engineering, 
Washington  University,  had  been  reported  upon  favorably  by  the  Execu- 
tive Committee,  and  this  gentleman  was  balloted  for  and  elected  a  member 
of  the  club.  The  Secretary  announced  that  he  had  received  an  application 
for  membership  from  Mr.  H.  J.  Pfeififer,  assistant  engineer.  Terminal  Rail- 
road Association  of  St.  Louis.  This  application  was  referred  to  the  Exec- 
utive Committee. 

The  question  of  having  a  lunch  at  the  meetings  of  the  club  was  then 
taken  u]).  A  motion  was  made  that  at  the  next  three  meetings  of  the 
club  a  lunch  be  provided,  to  be  paid  for  out  of  the  general  funds,  the  cost 
01  each  lunch  not  to  exceed  $12.  This  motion,  after  some  discussion,  was 
passed. 

The  paper  of  the  evening,  by  Mr.  J.  A.  Ockerson,  entitled  "The  Prob- 
lem of  Deep  Water  .Navigation  Through  the  Passes  from  the  Mississippi 
River  to  the  Gulf  of  Mexico,"  was  then  read.  The  general  nature  of  the 
Delta  was  described,  the  history  of  the  methods  of  improvements  was  given, 
and  the  present  method  for  the  improvement  of  South  Pass  was  shown. 
The  effect  of  the  deepening  of  South  Pass  was  shown  by  the  fact  that  dur- 
ing the  last  twenty  years  the  number  of  vessels  passing  through  had  been 
increased  only  10  per  cent.,  while  the  tonnage  had  been  more  than  trebled. 
The  present  contract  for  keeping  open  South  Pass  expires  in  1899,  and  the 
paper  showed  the  necessity  for  some  immediate  action  to  determine  the  best 
method  of  maintaining  an  outlet  to  the  Gulf.  An  interesting  discussion 
followed,  participated  in  by  Prof.  Johnson,  and  Messrs.  Holman  and  Robt. 
Moore.  The  paper  was  abundantly  illustrated  by  maps,  photographs,  and 
lantern  slides. 

It  was  moved  by  Mr.  Pitzman  and  seconded  by  Mr.  Russell  that  a 
committee  of  five  be  appointed  by  the  chair  to  prepare  a  memorial  ad- 
dressed to  the  Congressional  Committee  in  charge  of  the  appropriation  bill, 
recommending  that  the  appropriation  bill  for  the  improvement  of  South- 
west Pass,  now  under  discussion,  be  made  to  cover  the  survey  of  the  entire 
Delta  for  the  purpose  of  determining  the  best  location  for  a  deep  water 
channel  and  the  best  method  for  its  improvement;  that  a  copy  of  the  me- 
morial be  sent  to  each  of  our  members  in  Congress,  and  that  a  copy  be 
presented  for  indorsement  to  the  Merchants'  Exchange  of  St.  Louis.  The 
motion  was  carried  and  the  president  appointed  the  following  gentlemen 
as  members  of  the  committee:  Mr.  Ockerson,  cliairman,  and  Messrs.  Rus- 
sell, Johnson,  Holman,  and  Pitzman. 

On  motion,  the  Executive  Committee  was  instructed  to  procure  a  better 
light  for  operating  the  stereopticon.  There  being  no  further  1)usiness.  the 
meeting  adjourned. 

Richard  McCulloch.  Secretary. 


PROCEEDINGS. 
<'ivil   EiimiiKMTs'  SiK-icty  of  St.   Paul. 


St.  Paul.  Minn.,  January  4.  1897.— A  regular  meeting  of  the  Civil  En- 
gineers' Society  of  St.  Paul  was  held  at  8.15  p.  m.  Present,  sixteen  mem- 
bers and  three  visitors.  President  Stevens  in  the  chair.  Minutes  of  previ- 
ous meeting  read  and  approved.  The  resignations  of  Mr.  R.  B.  C.  Bement 
and  of  Mr.  R.  Davenport  were  accepted.  The  Treasurer  was  authorized  to 
pay  the  court  house  custodian  $15.00  for  care  of  Society  library.  The 
librarian  was  instructed  to  continue  subscriptions  for  "Engineering  News," 
"Engineering  Record,"  '"Engineering,"  and  "Transactions  of  American  So- 
ciety of  Mechanical  Engineers."  A  preliminary  report  of  the  committee  on 
the  licensing  of  land  surveyors  was  read  and  again  referred  to  the  commit- 
tee, with  recommendations  to  consult  with  similar  committees  of  other  bod- 
ies. Mr.  Wm.  C.  Smith  and  Mr.  Geo.  Z.  Heuston  were  elected  to  member- 
ship. The  annual  reports  of  the  officers  of  the  Society  were  read  and  ac- 
cepted, and,  by  resolution,  the  incoming  President  was  requested  to  audit 
the  Treasurer's  report.  The  annual  election  resulted  in  the  following  list  of 
officers  for  the  year  1897: 

President:  K.  E.  Hilgard. 

Vice-President:  Oliver  Crosby. 

Secretary:  C.  L.  Annan. 

Treasurer:  A.  O.  Powell. 

Librarian:  A.  W.  Minister. 

Representative  on  the  Board  of  Managers  of  the  Association  of  En- 
gineering Societies:  E.  E.  Woodman. 

Vice-President  Crosby  took  the  chair,  and  Mr.  L.  W.  Rundlett  read  a 
paper  on  the  "Centerville  Extension  of  the  St.  Paul  Water  Works," 
exhibiting  maps,  drawings,  specimens  of  material,  etc.  The  detail  of 
conduit  construction,  the  locations  of  mains,  artesian  wells  and  pumping 
stations  and  statements  of  quantities,  cost,  etc.,  were  given. 

A  vote  of  thanks  was  awarded  to  Mr.  Rundlett,  and  he  was  requested 
to  prepare  his  paper  for  publication  in  the  Journal. 

C.  L.  Annan.  Secretary. 


Technical  Society  of  the  Pacific  Coast. 

Regular  ^Meeting,  January  8,  1897.- — Called  to  order  at  8.30  r.  ^L  by 
President  Dickie. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Application  for  membership  by  Harry  H.  Hirst,  civil  engineer,  pro- 
posed by  Frank  Soule,  H.  I.  Randall,  and  Otto  von  Geldern,  was  read 
and  referred  to  the  Executive  Committee. 

The  Nominating  Committee  made  the  following  report,  which  was 
accepted  and  ordered  to  go  to  ballot: 

To  the  President  and  Members  of  the  Technical  Society  of  the  Pacific 
Coast: 

Your  Nominating  Committee  hereby  place  in  nomination  as  officers  for 
the  ensuing  year: 

For  President:  E.  J.  Molera. 

For  Vice-President:  W.  F.  C.  Hasson. 
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For  Secretary:  Otto  von  Geldern. 
For  Treasurer:  E.  T.  Schild. 

For   Directors:    D.    C.    Henny,    L.    Falkenau,    Hermann    Barth.    E.    C. 
Jones,  and  G.  W.  Percy. 

Very  respectfully, 

C.  E.  Grunsky,  Chainnan  of  Nom.  Coin. 
It  was  moved  that  the  paper  by  ]\Ir.  Dickie,  entitled  "Industrial  Educa- 
tion." be  again  read,  in  order  to  give  the  members  present  an  opportunity 
to  discuss  it  properly. — Carried. 

The  President  thereupon  read  the  paper,  which  was  discussed  by  Pro- 
fessors Marx,  Cory,  Soule,  Wing,  and  others.     Mr.  L.  A.  Buchanan  read 
an  abstract  from  a  paper  prepared  by  him  on  the  same  subject. 
Adjourned. 

Otto  von  Geldern,  Secretary. 


Annual  Meeting,  held  January  22.  1897. — Called  to  order  by  D.  C. 
ffenny. 

C.  E.  Grunsky  and  Hubert  Vischer  were  appointed  tellers  to  count 
votes.  Thirty-nine  votes  were  cast  for  the  regular  ticket,  which  was  elected 
as  follows: 

President:  E.  J.  Molera. 

Vice-President:  W.  F.  C.  Hasson. 

Secretaiy:  Otto  von  Geldern. 

Treasurer:  E.  T.  Schild. 

Directors:  Herman  Barth,  Louis  Falkenau,  David  C.  Henny,  Edward 
C.  Jones,  G.  W.  Percy. 

The  annual  reports  of  the  Secretary  and  Treasurer  were  read,  received, 
and  placed  on  file. 

Meeting  adjourned. 

Otto  von  Geldern,  Secretary. 

Civil  En^iHoers'  Club  of  CU'volaml. 

Meeting  of  the  Civil  Engineers'  Club,  of  Cleveland,  at  their  rooms. 
Case  Library  Building,  January  12,  1897.  President  Howe  in  the  chair. 
Present,  forty-two  members  and  twenty-two  visitors. 

The  minutes  of  the  regular  meeting,  December  8,  and  the  semi-monthly 
meeting,  December  22,  1896,  were  read  and  approved.  Messrs.  \Vm.  Secher 
and  A.  A.  Skeels  were  appointed  tellers  to  canvass  the  ballots  of  Messrs. 
Sawtelle,  Leeper,  Ives.  Thayer.  Otis,  and  Mills.  The  Executive  Board  an- 
nounced the  approval  of  the  application  of  Messrs.  P.  L.  Cobb  and  R.  H. 
Fernald  for  active  membership,  and  their  applications  were  read.  The 
board  reported  also  the  admission  to  the  Association  of  Engineering  Soci- 
eties of  the  Detroit  Society  of  Civil  Engineers,  a  society  containing  eighty- 
seven  members. 

Mr.  Searles  rei)orted  verbally  for  the  committee  on  the  Cleveland  Acad- 
emy of  Science,  referring  to  the  Prospectus  of  the  Academy,  which  has 
been  distributed,  and  u])on  motion,  his  rejwrt  was  received.  After  some 
general  discussion  by  the  clul).  the  following  resolution  was  offered  by  Mr. 
Searles: 

Resolved:   That  a  committee  of  seven   be  appointed  liy  the   President 
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to  meet  in  convention  with  committees  appointed  from  tlie  various  other 
societies  for  the  purpose  of  discussing  the  poHcy  of  the  Academy  of  Science 
and  of  reporting  to  the  club.  Amended,  to  add  four  members  to  the  pres- 
ent committee  of  three,  and  adopted.  Messrs.  Jos.  L.  Gobielle,  C.  M.  Bar- 
ber, Ambrose  Swasey,  and  A.  H.  Porter  were  announced  as  the  four  addi- 
tional members. 

Upon  motion  of  Mr.  Searles  that  a  commmittee  on  nomination  of 
officers  for  the  ensuing  year  be  elected,  the  following  members  were  nomi- 
nated: Messrs.  Ambrose  Swasey,  Wm.  H.  Searles,  Jos.  L.  Gobielle,  W.  R. 
Warner,  A.  H.  Porter,  C.  H.  Benjamin,  and  Chas.  W.  Howe.  Messrs. 
Hyde  and  Barber  were  appointed  tellers. 

Then  followed  the  talk  of  the  evening,  by  Mr.  S.  T.  Dodd,  upon  the 
"Plant  of  the  Niagara  Falls  Electric  Power  Company,"  their  method  of 
generating  power  and  the  various  industries  in  which  it  is  utilized.  It  was 
listened  to  with  great  interest  and  was  followed  by  interesting  remarks  on 
the  same  subject  by  Prof.  C.  H.  Benjamin  and  Dr.  Jno.  W.  Langley,  and 
others. 

The  following  were  announced  elected  members  of  the  Committee  on 
Noriiination  of  Officers:  Messrs.  Ambrose  Swasey,  A.  H.  Porter,  Jos.  L. 
Gobielle,  Wm.  H.  Searles,  and  W.  R.  Warner. 

After  the  meeting  a  light  lunch  was  served. 

F.  A.  CoBURN,  Secretary. 


Case  Library  Building,  Cleveland,  Ohio.,  January  27,  1897. — A 
semi-monthly  meeting  of  the  Civil  Engineers'  Club  of  Cleveland  was  held 
in  the  rooms  of  the  Club,  Case  Library  Building,  Tuesday  evening,  January 
26,  1897.  President  Howe  in  the  chair.  Present,  30  members  and  14  visi- 
tors. 

The  paper  of  the  evening,  by  Joseph  R.  C)Idham,  N.  A.  and  M.  E.,  on 
"Resistance  of  Ships  and  Other  Floating  Bodies  at  Deep  and  Shallow 
Drafts  of  Water,"  was  read  and  was  listened  to  with  interest.  The  follow- 
ing subjects  were  touched  upon: 

"Shallow-Draft  Yachts,"  "Water  Pressure  in  the  Deep  Oceans,"  "Re- 
sistance of  Fishes  and  Fish  Torpedoes,"  "Friction  in  a  Perfect  Fluid," 
"Friction  of  Solid  Bodies,"  "Screw  and  Side  Wheel  Engine  Friction,"  "Re- 
sistance of  a  Plane  Passing  Through  Water,"  "Speed  of  Torpedo  Boats 
and  Deep  Draft  Steamers." 

Messrs.  Gobielle,  Raynal,  and  others  assisted  in  an  interesting  dis- 
cussion. 

After  the  meeting  a  light  lunch  was  served. 

F   A.  CoBURN,  Secretary. 


The  Montana  Society  of  Civil  Eiieiiieers. 


The  members  of  the  Montana  Society  of  Civil  Engineers  visited  the 
Anaconda  company's  coal  mines  at  Belt,  January  8th.  They  were  met  there 
by  P.  C.  Kittle,  general  manager;  W.  D.  Mulloy,  the  master  mechanic; 
F.  W.  C.  Whyte,  the  engineer,  and  others  of  the  company,  and  through 
their  kindness  were  given  an  opportunity  to  make  a  thorough  inspection  of 
the  works. 

Only  those  who  have  visited  Belt  recently  have  any  idea  of  the  magni- 
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tude  of  the  mine.  Through  one  adit,  with  but  a  sHght  incHne,  all  the  coal 
of  the  mine  is  brought  to  the  surface,  the  daily  output  averaging  3,200  tons, 
350  tons  being  coking  coal  taken  from  the  lower  portion  of  the  coal  seam, 
which  is  kept  separate  as  it  comes  from  the  mine.  The  remainder  is  lump 
coal,  which  is  dumped  directly  into  cars  for  shipment,  passing  over  screens 
in  the  process  of  dumping,  thus  separating  the  slack  coal.  There  are  about 
650  tons  of  the  slack  coal,  which,  together  with  the  350  tons  of  coking  coal, 
go  through  the  washing  process.  The  Lurich  system  of  washing  is  used. 
The  slate,  sulphur  balls  and  inferior  coal  are  removed  by  a  sort  of  jigging 
process,  the  coal  floating  and  the  rock  and  impurities  dropping  to  the 
bottom. 

After  going  through  that  process  the  coal  goes  to  the  coking  ovens. 
There  are  100  beehive  ovens  in  constant  use,  turning  out  100  tons  of  coke 
daily.  The  three  Phillips  automatic  car  tips,  which  dump  all  the  coal 
that  comes  from  the  mine,  are  interesting  to  examine.  In  ten  hours  3,200 
tons  of  coal  are  dumped.  By  means  of  a  tag  placed  upon  each  car  it  is 
known  who  mined  it,  and  the  part  of  the  mine  it  is  from.  A  thorough  and 
complete  system  of  weighing  is  used,  keeping  accurate  account  of  the  coal 
mined  by  each  miner.  In  the  mine  34  Ingersoll-Sergeant  mining  machines 
are  constantly  working,  undercutting  the  coal. 

The  business  meeting  of  the  society  was  called  to  order  in  the  private 
dining  room  of  the  Park  hotel  this  morning  by  President  Herron.  The 
first  business  transacted  was  the  election  of  the  following  officers:  Presi- 
dent, Charles  W.  Goodale;  first  vice-president,  A.  E.  Cumming;  second 
vice-president,  Maurice  S.  Parker;  secretary  and  librarian,  A.  S.  Hovey; 
treasurer,  James  S.  Keerl;  trustee,  F.  W.  Blackford;  member  of  Board  of 
Association  of  Engineering  Societies,  J.  S.  Keerl.  John  Herron,  the  retir- 
ing president,  then  delivered  the  annual  address.  At  the  conclusion  of  the 
address  the  new  officers  were  installed  and  then  the  following  resolution 
was  adopted: 

"Be  it  Resolved,  By  the  Montana  Society  of  Civil  Engineers,  that  it 
extends  the  heartiest  congratulations  to  Hon.  Robert  B.  Smith  upon  his 
assumption  of  the  reins  of  government  of  the  state  of  Montana,  and  ex- 
presses the  hope  that  during  his  administration  the  engineering  profession 
may  receive  that  fitting  recognition  in  the  conduct  of  public  afTairs  which 
its  importance  and  usefulness  to  the  proper  development  of  the  resources 
of  the  state  would  appear  to  demand." 

Finley  McRae  was  appointed  a  committee  of  one  to  present  the  resolu- 
tion to  the  governor,  and  to  urge  upon  the  executive  that  the  society  be 
recognized  in  the  appointment  of  the  irrigation  commission,  the  state 
land  agent  and  other  commissions  bearing  on  public  works. 

After  a  general  discussion  in  regard  to  society  matters  the  meeting 
adjourned  until  8  o'clock  this  evening,  and  this  afternoon  the  members 
visited  the  smelting,  refinery,  water  power  and  electric  light  plants,  where 
several  hours  were  spent. 

The  meeting  reconvened  in  the  parlors  of  the  hotel  this  evening  and 
papers  were  read  by  C.  W.  Goodale  and  Maurice  S.  Parker.    . 

A  resolution  was  introduced  and  seconded  by  two-thirds  of  the  mem- 
bers present  to  change  the  name  of  the  society  to  "Montana  Society  of 
Engineers,"  and  the  secretary  was  directed  to  send  out  the  usual  letter  bal- 
lots.    After  a  general  discussion  lasting  two  hours  the  meeting  adjourned 
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and  the  members  of  the  society  were  escorted  to  the  dinuTg  ruoni,  where 
an  elegant  banquet  was  served.  Covers  were  laid  for  50  guests  and  every 
chair  was  occupied  by  members  of  the  society  and  invited  guests. 

After  an  hour  spent  in  the  discussion  of  the  elaborate  menu  card 
Toastmaster  Parker  called  the  assemblage  to  order  and  the  toast  "Our 
Guests"  was  responded  to  by  Charles  W.  Goodale;  "The  Press,"  by  O.  S. 
Warden;  "The  Montana  Society  of  Civil  Engineers,"  John  Herron;  "Elec- 
trical Engineering  with  Relation  to  Civil  Engineering,"  John  T.  Morrow; 
"Mines  and  Miners,"  W.  S.  Thomas;  "Our  Wives  and  Sweethearts,"  Finley 
McRae;  "The  Engineer  as  a  Mine  Manager,"  Walter  S.  Kelley. 

The  banquet  lasted  until  midnight,  when  an  adjournment  was  made 
Adieus  were  said  and  many  of  the  visitors  took  the  southbound  train  for 
their  respective  homes. 

Albert  S.  Hovey,  Secretary. 


Denver  Society  of  t'ivil  Eiij;iiu'ers. 


Denver,  Colo.,  January  12,  1897. — Regular  meeting  called  to  order  at 
8.20  p.  M.,  President  Campbell  in  the  chair.  Minutes  of  last  regular  meet- 
ing were  read  and  approved.  The  Secretary  reported  the  receipt  of  a  copy 
of  the  proceedings  of  the  annual  meeting  of  the  American  Society  of  Irri- 
gation Engineers,  held  in  Denver,  December  11  and  12,  1896.  A  communi- 
cation from  Geo.  L.  Wilson,  of  a  committee  of  the  Civil  Engineers* 
Society  of  St.  Paul,  regarding  the  examination  and  licensing  of  civil  en- 
gineers and  surveyors,  was  read,  and  the  Secretary  was  instructed  to  reply 
that  no  such  legal  requirements  existed  in  this  state,  except  as  it  might  ap- 
ply to  United  States  Deputy  Mineral  Surveyors. 

A  letter  was  also  read  from  the  Secretary  of  the  Engineers'  Club  of 
St.  Louis,  regarding  an  amendment  to  their  by-laws  adopted  some  time 
since,  in  the  matter  of  exchange  of  members  in  the  Association,  which  was 
considered  and  discussed  at  length  by  all  the  members  present.  A  resolu- 
tion amending  the  by-laws  of  the  Denver  Society  of  Civil  Engineers,  in  ac- 
cordance with  those  of  the  Engineers'  Club  of  St.  Louis,  was  presented. 
The  Secretary  and  Treasurer  read  his  report  for  the  year  1896,  showing  the 
Society  to  be  in  good  financial  condition,  and  he  received  a  vote  of  thanks 
from  the  Society. 

The  Librarian  read  a  very  complete  report,  suggesting  several  im- 
provements to  the  library  in  the  matter  of  indexing,  etc.,  and  he  also  re- 
ceived a  vote  of  thanks. 

After  the  canvas  of  the  ballot,  the  following  officers  were  found  to  be 
duly  elected  for  the  year  1897: 

President:  R.  A.  Wilson. 

First  Vice-President:  A.  I.  Fonda. 

Second  Vice-President:  Wm.  Ashton. 

Secretary  and  Treasurer:  Walter  Pearl. 

Librarian:  Geo.  H.  Angell. 

Executive  Committee:  Donald  W.  Campbell,  Prof.  P.  H.  Van  Diest. 
Wm.  B.  Lawson. 

The  retiring  President,  Mr.  Campbell,  read  a  very  able  address,  entitled 
"Professional  Spirit,"  which  was  received  with  much  interest  by  all  present. 

Next  in  order.  President-elect  Wilson  was  escorted  to  the  chair  by  the' 
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retiring  President,  when  he  made  a  few  interesting  remarks.     His  example 
was  followed  by  other  newly-elected  officers  present. 

The  retiring  President  was  tendered  a  vote  of  thanks  by  the  Society 
for  the  able  manner  in  which  he  had  presided  during  the  year  past.  On 
motion  the  President  was  elected  Manager  for  the  Denver  Society  of  Civil 
Engineers  in  the  Association  of  Engineering  Societies. 

Adjourned  at  lo  p.  m. 

Walter  Pe.a.rl,  Secretary. 


Enjjiiieers'  Club  of  ^liinioapolis. 


MiNNE.APOLis.  Minn.,  January  26,  1897. — The  annual  meeting  was  held 
in  the  City  Engineer's  office,  City  Hall,  at  8  p.  m. 

President  F.  W.  Cappelen  in  the  chair  . 

A  communication  was  read  from  Edward  Flad,  President  of  the  En- 
gineers' Club  of  St.  Louis,  enclosing  a  copy  of  bill  H.  R.  9492  and  a  me- 
morial to  Congress  signed  Dy  a  special  committee  of  his  club. 

It  was  moved  and  adopted  that  a  committee  consisting  of  the  Presi- 
dent, Secretary  and  W.  R.  Hoag  be  appointed  to  draft  a  memorial  to  Con- 
gress agreeing  in  general  terms  with  the  one  from  the  St.  Louis  Club,  and 
that  they  at  once  forward  the  same  to  our  Senator  and  Representative  in 
Congress. 

G.  D.  Shepardson  called  the  Club's  attention  to  the  fact  that  there 
were  before  Congress  bills  relating  to  land-grant  colleges,  experimental 
working  stations,  and  endowment  for  engineering  experiments,  which  were 
of  general  interest  to  members  of  our  profession  and  that  these  bills  had 
more  valuable  points  than  any  before  introduced. 

A.  motion  was  adopted  appointing  Geo.  D.  Shepardson,  W.  R.  Hoag, 
Frank  H.  Constant  and  F.  W.  Cappelen  a  committee  to  draw  a  memorial 
to  be  at  once  forwarded  to  Congress,  in  favor  of  bills  H.  R.  5836,  intro- 
duced by  Hon.  D.  K.  Watson,  of  Ohio;  H.  R.  6432,  by  Hon.  A.  G.  Dayton, 
W.  Va.,  and  S.  2301,  by  Hon.  Eugene  Hale,  Me. 

A  motion  was  adopted  that  the  President  appoint  a  committee  on  new 
membership. 

The  Secretary  reported  that  the  club  had  held  six  meetings  during  the 
past  year,  at  which  five  papers  had  been  read,  and  that  three  members  had 
been  added  to  the  club. 

The  Treasurer's  report  showed  that  all  indebtedness  of  the  club  had 
been  paid. 

Receipts:  — 

Balance  on  hand  last  report $16.52 

Received  from  members 3.00 

Received  from  subscription  to  pay  del)t 77-^8 

Total    $96.80 

Expenditures: — 

Paid  balance  Journ.\t,  on  account $77-28 

Postage  and  notices 10.60 
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Total    87.88 

Balance  on  hand $8.92 

Received  and  paid  for  1896  Journal $36.00 

Received  from  members  for  1897  Journ.\l  A.  E.  S 12.00 

Assets: — 

Reported  last  year $95-00 

Paid  as  above 3.00 

Balance  due  club $92.00 

Note. — Of  this  amount,  $57.00  cannot  be  collected,  as  those  owing  it 

are  out  of  funds  or  have  left  Minneapolis,  leaving  a  balance  of  $35.00  which 

possibly  will  be  paid. 

ELECTION    OF    OFFICERS    FOR    1897. 

On  an  informal  ballot  for  President,  Mr.  Cappelen  received  a  majority 
of  the  votes  cast.  He  then  withdrew  his  name,  stating  that  he  much  pre- 
ferred some  one  else  might  have  the  honor  of  being  President;  that  as  a 
member  he  would  do  all  he  could  for  the  success  of  the  club. 

The  following  were  then  elected: — 

President — Frank  J.  Llewellyn. 

Vice-President — Irving  E.  Howe. 

Secretary  and  Treasurer — Elbert  Nexsen. 

Librarian — A.  B.  Coe. 

Member  Board  of  Managers  Association  of  Engineering  Societies — 
George  D.  Shepardson. 

W.  R.  Hoag  then  read  the  paper  of  the  evening  on  "An  Engineer 
Abroad."  It  being  cjuite  late,  he  cut  his  paper  considerably,  and  at  the 
close  he  was  requested  to  continue  the  subject  at  the  next  meeting,  to  which 
time  the  discussion  was  postponed. 

Adjourned. 

Elbert  Nexsen.  Secretary. 


Boston  Society  of  Civil  Kiigineers. 

January  12,  1897. — A  special  meeting  of  the  society  was  held  in 
Chipman  Hall,  Tremont  Temple,  Boston,  at  8  r.  m..  President  George  F. 
Swain  in  the  chair.  Total  number  present,  including  ladies,  270.  The 
members  of  the  New  England  Water  Works  Association  and  of  the  Massa- 
chusetts Highway  Association  were  invited  to  join  in  this  meeting,  and 
many  accepted  the  invitation. 

Professor  Alfred  E.  Burton  gave  a  very  interesting  account  of  the 
expedition  made  last  summer  to  Umanak  Fjord,  West  Greenland.  The 
lecture  was  very  fully  illustrated  by  lantern  slides. 

Adjourned. 

S.   E.  TiNKiTAM,  Sccrctarv. 


J.\NUARY  27,  1897. — A  regular  meeting  of  the  society  was  held  in  Chip- 
man  Hall.  Tremont  Temple,  Boston,  at  7.50  p.  m..  President  George  F. 
Swain  in  the  chair.     135  members  and  visitors  were  present. 
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The  records  of  the  last  regular  meeting  and  of  the  special  meeting  of 
January  12  were  read  and  approved. 

Messrs.  Greely,  S.  Curtis,  Jr.,  Dana  Libbey,  Otis  D.  Rice,  George  O. 
W.  Servis,  and  Frank  H,  Stephenson  were  elected  members  of  the  society. 

The  following  committee  was  chosen  to  nominate  officers  for  the  en- 
suing year:  L.  F.  Rice,  C.  H.  Swan,  A.  L.  Plimpton,  W.  E.  Foss,  and 
C.  W.  Sherman. 

Mr.  Henry  Manley  was  appointed  to  make  the  necessary  arrangements 
for  the  annual  dinner. 

Mr.  E.  W.  Howe  read  a  memoir  of  William  A.  Allen,  a  member  of 
the  society,  prepared  by  a  committee  appointed  for  the  purpose,  and  Mr. 
George  A.  Kimball  read  a  memoir  of  Past  President  Albert  F.  Noyes. 

On  behalf  of  the  donors,  Mr.  Fitzgerald  presented  to  the  society  a 
large  crayon  portrait  of  Past  President  Noyes. 

Mr.  Howard  A.  Carson  read  the  paper  of  the  evening,  entitled  "Various 
Inventions  and  Devices  for  Building  Tunnels  and  Passageways  under 
Rivers  and  Other  Bodies  of  Water,"  which  was  profusely  illustrated  by 
lantern-slide  views. 

Adjourned. 

S.  E.  TiNKHAM,  Secretary. 


Albert  Franklin  Noyes.— A  Meni<>ir. 


By  George  A.  Kimball  and  Henry  D.  Woods,  Committee  of  the  Bos- 
ton Society  of  Civil  Engineers. 

[Read  before  the  Society,  January  27,  1897.] 
Albert  Franklin  Noyes,  the  son  of  George  F.  Noyes,  was  born  m 
Boston  in  1850.  The  family  soon  removed  to  Melrose,  where  Mr.  Noyes 
was  educated  in  the  public  schools.  He  later  entered  the  Lawrence  Scien- 
tific School,  Harvard  University,  Cambridge.  During  the  years  of  1871, 
'72  and  'yT„  he  was  employed  by  Ernest  W.  Bowditch  and  Charles  H.  Bate- 
man  in  topographical  surveys  and  landscape  work.  He  was  also  engaged 
on  some  railroad  surveys  on  Shelter  Island,  N.  Y.  In  April,  18,4.  lie  en- 
tered the  office  of  Frederic  Schofif,  City  Engineer  of  Newton. 

In  April,  1876,  he  was  appointed  Acting  City  Engineer  of  Newton,  and 
from  that  time  on  exerted  all  his  energies  in  developing  the  usefulness  of 
the  office,  and  carrying  forward,  to  the  best  of  his  ability,  all  the  various 
improvements  that  were  projected  from  time  to  time  in  the  city.  On  Janu- 
IS>  1877,  he  was  confirmed  City  Engineer  in  full  charge  of  the  office,  and 
was  reappointed  each  year  until  the  new  city  charter  was  adopted,  in  1882, 
which  made  the  appointment  a  permanent  one,  so  that  his  last  appointment 
was  in  January,  1883,  as  City  Engineer  of  Newton. 

When  he  first  came  to  the  office,  the  work  required  of  the  department 
consisted  mainly  in  giving  lines  and  grades  for  streets  and  for  laying  water 
pipe  and  making  such  surveys  relative  to  city  property  as  might  be  required 
by  the  Assessors  and  other  departments  of  the  city,  and  but  two  assistants 
were  employed.  As  the  city  developed,  the  calls  on  the  Engineer's  Depart- 
ment became  much  more  varied.  New  work,  consisting  of  water  works, 
parks,  improvement  of  highways,  etc.,  was  undertaken  by  the  city.  When 
it  became   necessary   to   increase   the   permanent   force   of   the   office,    Mr. 
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Noyes  found  tliat  niucli  better  satisfaction  could  be  obtained  from  young 
men  who  had  already  had  some  experience  in  outside  work,  and  he  endeav- 
ored, as  far  as  possible,  to  give  employment,  during  the  summer  vacation, 
to  as  many  scholars  as  could  be  employed  conveniently  on  the  survey 
parties.  In  this  way,  many  who  had  the  taste  for  the  work  have  spent  their 
summer  vacations  in  the  Newton  office,  and  have  either  taken  up  engineer- 
ing work  and  remained  in  the  Newton  office,  or  have  entered  other  offices. 
It  was  always  Mr.  Noyes's  pleasure  to  follow  these  students  in  their  busi- 
ness career  and  to  help  them  with  advice  and  recommendations  whenever 
he  could. 

In  1880,  in  connection  with  work  at  the  Water  Works  Pumping  Station, 
Mr.  Noyes  applied  the  system  of  driven  pipe  wells,  attached  to  a  pump,  for 
the  purpose  of  lowering  the  ground  water  trenches  excavated  in  water- 
bearing gravel  and  fine  sand  or  even  quicksand. 

In  1882  he  was  appointed  Inspector  of  Plumbing  by  the  Board  of 
Health,  and  in  this  connection  made  a  sanitary  survey  of  the  whole  city, 
and  formulated  modern  rules  and  regulations  for  house  plumbing.  In  1882 
and  '83  the  heating  and  ventilating  systems  in  several  of  the  largest  schools 
were  reconstructed  and  the  sanitary  condition  improved  according  to  plans 
made  by  Mr.  Noyes,  and  the  work  was  executed  under  his  direction. 

In  connection  with  his  work  on  the  highways,  he  designed  a  system  of 
highway  book-keeping,  by  which  all  expenditures  are  charged  up  to  the 
various  pieces  and  classes  of  work  so  that  the  cost  of  each  improvement  can 
be  directly  ascertained,  and  the  data  can  be  used  as  a  basis  for  making 
estimates  for  proposed  work. 

In  1884  he  commenced  a  study  of  the  sewer  requirements  of  the  city, 
and  in  1887  visited  and  examined  the  sewers  and  sewerage  disposal  systems 
in  use  at  East  Orange,  Long  Branch,  Atlantic  City,  N.  J.,  Pullman,  111., 
Bryn  Mawr  and  Wayne,  Pa. 

In  1887  he  reported  to  the  city  government  on  the  method  of  improv- 
ing Laundry  Brook,  one  of  the  main  brooks  passing  through  the  city, 
which  at  certain  seasons  of  the  year  overflowed  its  banks  and  flooded  large 
portions  of  low  lands. 

In  connection  with  Alphonse  Fteley  as  consulting  engineer,  he  re- 
ported in  1889  on  an  additional  water  supply  for  the  city  of  Newton,  taken 
from  underground  sources;  also  for  a  high  service  system.  In  1891  the 
work  on  the  additional  water  supply  was  undertaken  and  a  wooden  filtering 
gallery  constructed  along  the  bank  of  Charles  River,  and  a  covered 
masonry  reservoir,  the  first  built  in  this  vicinity,  was  constructed  on 
Waban  Hill  to  receive  the  ground  water  from  this  supply. 

In  the  latter  part  of  1890  he  made  a  report  to  the  city  government  on 
a  complete  system  of  small  pipe  sewers  for  the  whole  city  of  Newton,  com- 
prising some  130  miles,  at  an  estimated  average  cost  of  $2.56  per  running 
foot.  The  outlet  of  this  system  was  into  the  Charles  River  system  of  the 
Metropolitan  sewer.  Previous  to  this  and  before  the  Metropolitan  sewer 
had  been  finally  decided  upon,  Mr.  Noyes  had  reported  on  a  system  of  dis- 
posal by  chemical  treatment  and  filtration,  with  an  outlet  into  the  Charles 
River.  Some  forty  or  fifty  miles  of  sewers  were  built  under  Mr.  Noyes's 
administration  and  according  to  his  plans,  which  included  a  system  of  sub- 
drains  laid  below  the  sewers  for  the  purpose  of  removing  any  accumulation 
of  ground  water  which  might  otherwise  percolate  into  the  sewer.     The  sew- 
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ers  were  designed  to  carry  only  house  drainage,  all  surface  water  to  be  car- 
ried off  in  surface  drains  built  on  an  entirely  different  system.  Mr.  Noyes 
also  inaugurated  the  use  of  T-branches  for  house  connections  in  the  sewer. 
In  visiting  various  localities  he  found  that  the  small  flow  passing  from 
each  house  connection  into  the  sewer  did  not  in  any  way  obstruct  the  flow 
of  the  sewage  in  a  separate  system.  All  house  branches  being  from  four 
to  six  inches  in  diameter  and  the  smallest  sewers  being  8",  the  flow  from 
the  houses  would  usually  fall  from  the  branch  into  the  sewer  flow,  and  the 
theoretical  flow  of  this  current  into  the  sewer  at  an  obtuse  angle  did  not  in 
practice  have  any  effect  on  the  current  in  the  sewer. 

In  1892,  with  the  assistance  of  Air.  Edward  Buss,  C.  E.,  of  Boston,  Mr. 
Noyes  made  a  complete  report  on  a  system  of  surface  drainage  for  the 
whole  city,  including  proposed  improvements  of  all  the  natural  water 
courses,  recommending  their  acquisition  by  the  city,  and  their  improve- 
ment by  means  of  driveways  or  parkways  on  either  side.  Nearly  one  mile 
of  the  valley  of  the  lower  Cheese  Cake  Brook  was  straightened  and  laid 
out  as  a  parkway  some  120  feet  wide,  the  brook  running  through  the  centre 
at  the  foot  of  easy  slopes  covered  with  grass  and  driveways  on  each  side. 

In  1893  a  special  committee  appointed  by  the  city,  consisting  of  Albert 
F.  Noyes,  Charles  A.  Allen  and  George  S.  Rice,  reported  on  plans  for  the 
abolition  of  sixteen  grade  crossings  on  the  Boston  &  Albany  Railroad  in 
the  city  of  Newton.  The  same  year  plans  were  prepared  for  several  miles 
of  boulevard  projected  by  a  syndicate  which  offered  to  furnish  the  land  and 
give  financial  assistance  towards  the  accomplishment  of  the  work,  but  on 
account  of  legal  questions  the  work  of  construction  was  delayed  until  after 
Mr.  Noyes's  resignation  as  City  Engineer. 

Mr.  Noyes  entered  the  service  of  the  city  of  Newton  at  the  age  of 
twenty-five  and  continued  in  it  for  eighteen  years,  sixteen  of  which  he 
occupied  the  office  of  City  Engineer.  He  designed  and  executed  nearly 
all  its  public  works,  and  was  to  Newton  an  able  engineer  and  a  public 
spirited  citizen.  The  results  of  his  work  on  the  additional  water  supply, 
improvement  of  highways  and  the  construction  of  the  sewer  system  were 
all  considered  by  the  engineering  profession  as  models,  and  were  frequently 
examined  by  other  engineers  interested  in  similar  work. 

The  work  that  he  executed  in  Newton  shows  that  it  was  all  the  result 
of  thorough  research  and  careful  study.  It  was  in  many  instances  original 
with  its  author,  who  did  not  hesitate  to  depart  from  well-known  customs, 
if,  after  careful  investigation  and  inquiry,  he  was  satisfied  that  better  results 
could  be  obtained.  His  annual  reports  are  full  of  valuable  information, 
and  his  faithful  work  in  Newton  made  him  a  leader  in  municipal  engineer- 
ing in  this  vicinity. 

In  1893  the  State  Board  of  Health  was  directed  to  investigate  and  re- 
port u])on  the  question  of  a  Metropolitan  water  supply,  and  on  account  of 
Mr.  Noyes's  knowledge  and  experience  in  the  matter  of  water  supply  and 
sewerage  systems,  and  particularly  in  the  matter  of  water  supplies  taken 
from  the  ground,  he  was  offered  the  position  of  Assistant  Chief  Engineer. 
In  this  position,  where  it  would  be  his  duty  to  examine  and  report  on  new 
systems  of  water  supply  and  sewerage  submitted  to  the  Board,  and  to  make 
investigations  connected  with  the  Metropolitan  water  supply,  he  saw  a 
much  larger  field  for  study  and  usefulness,  and  resigned  his  position  as 
City  Engineer  of  Newton  July  24,  1893,  much  to  the  regret  of  the  citizens 
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of  Newton.  During  the  next  two  years  he  reported  to  the  Board  upon  the 
water  supply  or  sewerage  of  some  fifty  places  in  Massachusetts,  besides 
making  reports  upon  various  matters  connected  with  the  Metropolitan 
water  supply. 

Mr.  Noyes  was  appointed  by  the  Governor  as  a  member  of  the  Metro- 
politan Sewerage  Commission  for  three  years,  commencing  January  7,  1895, 
and  held  the  position  at  the  time  of  his  death.  This  appointment  was 
especially  appropriate,  as  his  experience  as  an  engineer,  his  study  of 
numerous  sewerage  problems  and  his  executive  ability  fitted  him  for  deal- 
ing with  questions  coming  before  the  Commission. 

In  1895  he  was  elected  to  the  Board  of  Aldermen  of  Newton  and  was 
made  chairman  of  the  Sewer  Committee,  one  of  the  highway  surveyors 
and  a  merjber  of  the  joint  commission  appointed  to  revise  the  city  charter. 
From  the  time  of  his  election  until  his  death  he  spent  many  hours  looking 
after  the  various  city  interests  coming  up  before  the  Board,  especially  in 
connection  with  the  sewer  department  and  the  revision  of  the  city  charter. 
His  familiarity  with  all  the  departments  of  the  city  made  him  a  valuable 
member  of  the  Board.  His  counsel  was  eagerly  sought  by  his  fellow  mem- 
bers and  fully  appreciated  by  the  citizens  of  Newton. 

He  closed  his  connection  with  the  State  Board  of  Health  in  1895  and 
opened  a  private  office  in  partnership  with  Mr.  Allen  Hazen,  making 
specialties  of  water  and  sewerage  w-orks.  The  firm  was  connected  with 
water  supply  problems  in  Austin,  Tex.;  Far  Rockaw'ay,  L.  I.;  Menominee, 
Mich.;  Columbus,  Cleveland  and  Painesville,  O.;  Harrisburg  and  DuBois, 
Pa.;  Jersey  City,  N.  J.;  Ashland,  Wis.;  Indianapolis  and  Princeton,  Ind.; 
Greenfield,  Munson,  Lynn,  Newburyport,  Adams  and  Lawrence,  Mass.,  and 
Hartford,  N.  Y.  In  sewerage  work  it  was  connected  with  the  design'  or 
construction  of  sewer  systems  in  Altoona,  Pa.;  Plainfield,  N.  J.;  Vassar 
College,  Poughkeepsie,  N.  Y.;  Spencer,  Quincy  and  Melrose,  Mass. 

Whenever  Mr.  Noyes  was  called  upon  for  a  report  on  matters  with 
\.'hich  he  was  not  perfectly  familiar,  he  availed  himself  of  all  means  acces- 
sible to  gain  the  required  knowledge,  and  was  careful  to  look  up  the  best 
auihorities  having  the  special  knowledge  required  outside  of  his  experience, 
and  to  advise  with  them  before  settling  on  a  definite  opinion.  He  was  al- 
ways genial,  generous  and  kind  to  a  fault.  He  would  listen  patiently  to 
all  grievances  and  always  endeavor  to  explain  all  apparent  wrongs  which 
might  have  grown  out  of  public  improvement.  He  was  an  able-minded, 
conscientious  public  official,  and  a  scrupulously  exact  servant  to  the  city 
and  commonwealth.  He  had  a  wide  circle  of  friends  and  acquaintances 
who  held  him  in  high  regard. 

Mr.  Noyes  always  took  a  lively  interest  in  our  society  and  frequently 
took  part  in  the  discussions.  He  was  librarian  of  the  society  in  1885  and 
'86,  vice-president  from  March,  1892,  to  March,  1894,  and  president  of  the 
society  from  March,  1895,  to  1896,  and  his  faithful  work  in  arranging  our 
new  and  commodious  quarters  is  fully  appreciated.  The  older  members 
of  the  society  remember  him  as  a  pleasant  and  genial  companion,  and 
many  of  the  younger  members  will  never  forget  his  kindly  interests  in  their 
welfare  and  his  willingness  at  all  times  to  give  them  such  information  and 
advice  as  would  advance  them  in  their  profession.  He  cc»ntributed  the 
following  papers  to  this  society: 

"The  Heating  and  Ventilating  of  School  Buildings." 
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Read  June  i8.  1884.     (Not  printed  in  Journal.) 

"Description  of  the  Foundation  placed  beneath  the  Pumps  and  Engines 
at  the  Newton,  Mass.,  Pumping  Station." 

Read  February  18,  1885.     Printed  in  the  Journal,  Vol.  IV,  p.  213. 

''Description  of  Newton,  Mass.,  Water  Works." 

Read  October  15,  1890.     (Not  printed  in  Journal.) 

"Discussion  on  Roads  and  Road  Building." 

Read  November  19,  1890.     Printed  in  Journal,  Vol.  X,  p.  244. 

"Relation  of  the  Engineer  to  His  Assistants  and  Subordinates." 

Read  March  15,  1893.     Printed  in  the  Journal,  Vol  XII,  p.  447. 

"Organization  and  Management  of  a  City  Engineer's  Office." 

Read  December  20,  1893.     Printed  in  the  Journal,  Vol.  XIII,  p.  541. 

"Annual  Address  on  Retiring  from  the  Presidency  of  the  Boston  So- 
ciety of  Civil  Engineers."  Delivered  March  18,  1896.  Printed  in  the  Jour- 
nal, Vol.  XVI,  p.  46  of  Proceedings. 

Mr.  Noyes  joined  the  American  Society  of  Civil  Engineers  in  1884, 
and  endeavored  to  attend  the  annual  meeting  and  also  the  conventions, 
where  he  always  felt  that  he  could  gain  much  useful  professional  informa- 
tion as  social  pleasure. 

He  was  President  of  the  New  England  Water  Works  Association  in 
1890  and  '91,  and  contributed  the  following  papers  to  the  Association: 

"Weight  of  Cast-iron  Pipe  for  all  Sizes  and  Pressures." 

Read  June  19,  1885.  Printed  in  the  Transactions  of  the  N.  E.  Water 
Works  Asso.  for  the  year  1885,  p.  154. 

"Driven  Wells  as  a  Means  of  Water  Supply." 

Read  March  9,  1887.  Printed  in  the  Journal,  N.  E.  W.  W.  Asso., 
Vol.  I.  4,  p.  19. 

"Experience  in  Excavating  in  Quicksand." 

Read  March  12,  1890.  Printed  in  the  Journal,  N.  E.  W.  W.  Asso.,  Vol. 
IV,  p.  218. 

"President's  Annual  Address." 

Read  June  10,  1891.  Printed  in  the  Journal,  N.  E.  W.  W.  Asso.,  Vol. 
VI,  p.  5- 

He  was  Vice-President  of  the  Massachusetts  Highway  Association  at 
the  time  of  his  death. 

He  was  regarded  as  one  of  the  foremost  authorities  in  the  matter  of 
water  supplies,  and  alwaj's  showed  excellent  judgment  and  remarkable 
ability  in  planning  the  various  works  with  which  he  has  been  connected. 
He  was  an  inveterate  worker,  and  his  sudden  taking  away  was  due,  in  a 
great  measure,  to  overwork  and  disregard  for  his  health  and  strength.  He 
died  suddenly  of  heart  failure  on  October  12,  1896,  as  he  was  taking  the 
train  at  the  Providence  depot  for  a  business  trip  to  Dedham.  He  leaves  a 
widow,  one  son,  and  two  daughters. 
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Cnal  Engineers'  Club  of  Cleveland. 

Meeting  of  the  Civil  Engineers'  Club  of  Cleveland,  Tuesday  evening. 
February  9,  1897,  in  the  rooms  of  the  club,  Case  Library  Building,  Presi- 
dent Howe  in  the  chair.     Present,  forty-seven  members  and  twenty-five  vis-, 
itors. 

The  minutes  of  the  last  two  meetings  were  read  and  approved.  Messrs. 
Palmer  and  Fairfield  were  appointed  tellers  to  canvass  ballots  for  the  elec- 
tion of  Messrs.  P.  L.  Cobb  and  R.  H.  Fernald  to  active  membership. 

The  Executive  Board  reported  an  application  by  various  members  for 
the  election  of  Dr.  Edward  W.  Morley  to  honorary  membership.  It  had 
been  approved  by  the  board,  and  read  as  follows: — 

It  being  the  policy  of  the  Civil  Engineers'  Club  to  choose  its  honorary 
members  from  among  those  who  have  won  distinction  in  engineering, 
architecture,  and  applied  science,  and  having  in  our  midst  one  who,  by  his 
original  research  and  experiment  in  scientific  lines,  has  obtained  results 
of  such  consummate  accuracy  that  he  is  classed  among  the  most  eminent 
scientific  men  of  the  world,  therefore  we,  the  undersigned,  believing  that 
he  will  greatly  appreciate  the  honor,  respectfully  recommend  that  Dr.  Ed- 
ward W.  Morley  be  elected  honorary  member  of  this  club. 

Ambrose  Swasey,  John  L.  Culley, 

William  H.  Searles,  A.  Lincoln  Hyde, 

James  Ritchie,  Worcester  R.  Warner, 

Aug.  Mordecai,  Cady  Staley, 

F.  A.  Coburn,  Dayton  C.  Miller. 

S.  T.  Wellman, 

The  applications  of  the  following  for  active  and  associate  membership 
had  been  approved  by  the  board:  Messrs.  William  B.  Hanlon,  Louis  C.  Mc- 
Clouth,  William  E.  Reed,  John  Perry  Johnston,  Philip  E.  Knowlton, 
Edward  E.  Rose,  and  Charles  Gofifing  to  active  membership,  and  William 
Oehlstrom  to  associate  membership. 

The  report  of  the  board  was  adopted. 

The    Nominating   Committee   reported  through    Mr.    Searles,    the 
chairman  being  absent,  the  following  officers  for  the  coming  year: — 
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For  President — James  Ritchie. 
Vice-President — C.  M.  Barl)cr. 
Secretary — F.  A.  Cobiirn. 
Treasurer — Hiram  Kimball. 
Librarian — A.  Lincoln  Hyde. 
First  Director — J.  W.  Langley. 
Second  Director — W.  C.  Jewett. 
The  report  of  the  committee  was  adopted. 

The  committee  appointed  at  the  last  meeting  in  relation  to  the  Acad- 
emy of  Science  reported  as  follows: — 

They  had  met  with  gentlemen  of  other  societies  and  heard  of  reports 
of  progress  made.  It  was  the  sense  of  the  committee  that  it  was  not  now 
in  the  interest  of  the  club  to  pursue  this  matter  further. 

The  report  of  the  committee  was  adopted  and  the  committee  dis- 
charged. 

Professor  Charles  H.  Benjamin,  of  the  Case  School  of  Applied  Science, 
read  the  paper  of  the  evening  upon  "Applications  of  the  Electric  Motor  in 
Machine  Shops,"  which  was  listened  to  with  great  interest.  An  interesting 
discussion  followed,  in  which  Messrs.  John  W.  Langley,  R.  L.  Newman. 
George  Bartol,  S.  T.  Dodd,  and  others  participated. 

Upon  motion,  the  President  appointed  the  following  committee  to 
make   arrangements   for   the   banquet:    Chairman,   Joseph    Leon    Gobielle: 

E.  A.  Sperry,  A.  Lincoln  Hyde,  F.  M.  Comstock.  S.  T.  Dodd.  J.  G.  Oliver, 

F.  A.  Coburn. 

Messrs.  Fernald  and  Cobb  were  reported  as  elected  to  active  member- 
ship in  the  club,  and  the  meeting  adjourned.  After  the  meeting  a  light 
lunch  was  served. 

F.  A.  Coburn,  Secretary. 

A  SEMI-MONTHLY  meeting  of  the  Civil  Engineers'  Club  of  Cleveland 
was  held  in  the  rooms  of  the  club,  Case  Library  Building,  Tuesday  evening, 
February  23,  1897,  President  Howe  in  the  chair.  Present,  sixty-one  per- 
sons, of  whom  about  forty-three  were  members. 

Dr.  Cady  Staley,  President  of  Case  School  of  Applied  Science,  pre- 
sented a  paper  upon  "The  Sanitation  of  Paris;  Its  Water  Supply,  Street- 
cleaning,  Sewers  and  Sewage  Disposal,  the  Sewage  Farm  at  Genevilliers." 
It  was  a  very  interesting  talk,  and  was  attentively  listened  to  by  all  present. 
In  the  animated  discussion  that  followed,  ]\Iessrs.  Force,  McGeorge, 
Searles,  and  Parmeley  took  active  part. 

After  the  meeting  a  light  lunch  was  served. 

F.  A.  Coburn.  Secretary. 


Civil  Engineers'  Sooiet.v  of  St.  Paul. 

February  i,  i8q7. — .A.  regular  meeting  of  the  Civil  Engineers'  So- 
ciety of  St.  Paul  was  held  at  the  Society  room;  t6  members  and  7  visitors  in 
atfcndance. 

President-elect  Hilgard  called  the  meeting  to  order  at  8.15,  and  in- 
augurated himself  by  a  few  advisory  remarks. 

IMinutes  of  the  previous  meeting  were  read. 

The  committee  on  licensing  land  measures  reported  a  bill  and  was  in- 
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structed  to  refer  the  same  to  the  Ramsey  county  delegation.  The  Society 
declared  itself  favorably  inclined  to  such  a  bill  as  a  step  in  the  right  direc- 
tion. 

The  matter  of  improved  road  laws  was  introduced  by  Professor  Hayes, 
of  the  State  Agricultural  Experimental  Station,  and  Mr.  Choate,  a  Minne- 
apolis attorney,  who  has  given  the  subject  much  study  for  the  past  five 
years.  Both  were  agreed  on  a  conservative  policy  inasmuch  as  the  farmers 
generally  seemed  opposed  to  much  outlay  in  this  direction,  as  the  cost 
must  fall  principally  on  them,  and  the  benefits  largely  accrue  to  engineers 
and  bicyclists.  Mr.  Choate  pronunced  the  present  State  road  laws  a  hodge- 
podge of  inharmonious  acts  with  which  few  of  the  present  legislators  were 
conversant.  He  advocated  immediate  steps  toward  an  amendment  to  the 
State  Constitution  which  should  provide  for  a  road  fund  and  formulate  a 
system  of  road  improvement.  A  fund  is  a  prime  necessity  inasmuch  as  the 
only  available  fund  at  present  is  the  Internal  Improvement  Fund,  raised 
from  the  sale  of  lands  donated  to  the  State  by  the  United  States,  and 
which,  though  now  at  a  maximum,  does  not  realize  more  than  $25,000  per 
year.  This  fund  is  at  present  disbursed  where  it  will  cut  the  greatest  dash 
politically. 

Mr.  Choate's  amendment  proposes  a  fund  which  shall  be  pro  rated, 
similarly  to  the  State  school  fund,  and  he  assumes  that  it  may  be  sup- 
plied by  an  inheritance  tax,  and  by  collecting  the  taxes  which  telephone, 
express,  sleeping  car,  and  other  companies  bught  to  pay.  Two  years  must 
pass  before  such  an  amendment,  if  now  introduced,  could  be  approved  by 
the  people.  In  the  meantime  he  advises  the  appointment  of  a  tempo-ary 
highway  commission  whose  duty  it  shall  be  to  study  the  existing  systems 
in  other  States,  to  examine  road  material  in  various  parts  of  the  State,  to 
inquire  into  methods  of  construction,  to  consider  the  matter  of  convict 
labor  in  connection  with  road  building,  and,  in  fact,  to  educate  themselves 
thoroughly  with  a  view  to  offering  practical  suggestions  for  the  disposal  of 
the  fund  when  it  shall  become  available.  Meanwhile  the  State  Road  organi- 
zation, the  Farmers'  Institute,  and  State  School  of  Agriculture  will  be  edu- 
cating the  people  on  the  same  subject. 

Mr.  Choate's  suggestions  met  with  the  unanimous  approval  of  the 
Society,  and  the  Secretary  was  instructed  to  inform  the  Ramsey  county 
delegation  individually  of  this  fact. 

County  Surveyor  Forbes  submitted  a  list  of  photographs  showing  the 
contrast  between  road  improvements  in  Dakota  county  made  by  statutory 
labor,  and  those  performed  under  contract  for  the  same  cost.  The  differ- 
ence was  striking  and  much  in  favor  of  the  contract  system. 

President  Hilgard  appointed  the  following  standing  committees:  High- 
ways, J.  D.  Estabrook,  C.  F.  Loweth  and  George  L.  Wilson.  Railroads, 
W.  L.  Darling  and  E.  E.  Woodman.  Street  Railways,  Oliver  Crosby  and 
H.  E.  Stevens.  Examining  Board,  C.  L.  Annan,  H.  E.  Stevens  and  Archi- 
bald Johnson. 

A  communication  from  the  Engineers'  Club  of  St.  Louis,  relative  to  the 
improvement  of  the  Southwest  Pass  was  referred  to  Mr.  Stevens  and  Mr. 
Powell. 

Robert  Herzog  was  elected  to  membership. 

At  10.30  P.  M.  the  meeting  adjourned  to  the  Germania  Cafe  on  invita- 
tation  of  the  President  and  Vice-President. 

C.  L.  Ann-.\n.  Sccrctarv. 
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Moutaiia  Society  of  Engineers. 


The  regular  monthly  meeting  of  the  Montana  Society  of  Engineers 
was  held  in  the  former  Board  of  Trade  rooms  Saturday,  February  13,  1897. 
Called  to  order  at  8  p.  m. 

There  were  present  A.  E.  Gumming,  presiding;  James  M.  Page,  Finlay 
McRae,  J.  S.  Keerl,  A.  S.  Hovey  and  a  number  of  visitors. 

The  minutes  of  the  annual  meeting  at  Great  Falls,  which  were  read  and 
approved,  contained  a  full  report  upon  the  Anaconda  Company's  coal  mine 
at  Belt,  furnished  by  F.  W.  C.  W'hyte,  the  engineer  of  the  mine. 

M.  S.  Parker,  the  engineer  in  the  construction  of  the  Black  Eagle  Falls 
dam,  gave  by  request  a  full  description  of  the  dam  and  power  houses,  the 
Boston  and  Montana  Company's  smelter  and  electrolytic  refinery  and  na- 
ture's works  visited  by  the  Society.  Referring  to  the  dam  he  stated  that 
the  original  height  of  the  falls  was  25  feet,  the  present  head  with  the  dam  43 
feet,  and  the  flow  of  water  at  the  minimum  stage  about  4,000  feet  per  sec- 
ond. About  20,000-horse  power  could  be  generated  by  the  present  develop- 
ment, he  said.  There  is  being  used  at  present  about  10,000  horse-power. 
01  which  the  Boston  and  Montana  Company  use  about  three-quarters.  He 
stated  that  the  flow  of  the  Giant  Spring  is  about  500  cubic  feet  a  second. 
The  Spring  is  thought  by  many  to  be  the  outlet  of  the  Belt  River,  which 
sinks  12  or  15  miles  from  there.  The  Spring  is  in  the  bank  of  the  Missouri 
River,  about  one  and  a  half  miles  below  the  dam,  close  to  the  United  Smelt- 
ing and  Refining  Company's  smelter.  About  two  miles  below  the  Spring 
are  the  Rainbow  Falls,  the  most  beautiful  of  the  Missouri  River  falls,  which 
has  a  crest  width  of  about  1,100  feet,  and  a  sheer  drop  of  50  feet. 

Applications  for  membership  were  read.  There  will  be  eight  to  be 
voted  upon  at  the  next  meeting.  The  canvass  of  votes  showed  the  follow- 
ing additions  to  the  membership:  Howard  A.  Fitch,  Guy  M.  Kerr,  J.  H. 
Kerr,  Ernest  W.  King,  Andrew  Rinker,  T.  M.  Ripley  and  Walter  H.  Weed. 

Of  the  40  votes  cast  only  yj  voted  upon  the  amendment  to  the  consti- 
tution. 2)2,  for  the  amendment  and  four  against. 

The  President  announced  the  amendment  carried. 

The  amendment  changes  the  name  of  "The  INIontana  Society  o\  Civil 
Engineers"  by  eliminating  the  word  "civil." 

A  motion  was  carried  authorizing  the  publication  of  the  constitution 
and  by-laws  and  list  of  members. 

The  Secretary  reported  that  payments  should  be  made  promptly  to  the 
Association,  but  the  dues  from  members  came  in  slowly. 

A.  S.  Hovey,  Secretary. 


Engineers'  Club  of  St.  Louis. 


448TH  Meeting,  February  3,  1897. — The  meeting  was  called  to  order 
at  8  p.  M.  at  1600  Lucas  Place,  with  President  Flad  in  the  chair.  32  mem- 
bers and  7  visitors  were  present. 

The  minutes  of  the  447th  meeting  and  of  the  231st  meeting  of  the 
Executive  Committee  were  read  and  approved. 

The  name  of  Mr.  H.  J.  Pfeifer,  Assistant  Engineer  Terminal  Railroad 
Association,  having  been  reported  upon  favorably  by  the  Executive  Com- 
mittee was  balloted  upon  and  this  gentleman  was  elected  to  membership. 
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Mr.  J.  A.  Ockerson,  as  chairman  of  a  special  committee,  reported  that 
a  memorial  regarding  the  improvement  of  the  Delta  of  the  Mississippi 
River  had  been  prepared  and  sent  to  the  various  Engineering  Societies  and 
members  of  Congress  from  St.  Louis.  The  committee  having  completed 
its  work  was  discharged.  In  this  connection  the  President  reported  that 
he  had  received  favorable  replies  from  several  of  the  Engineering  Societies 
and  from  Congressmen  Cobb  and  Bartholdt. 

A  letter  from  the  Association  for  the  promotion  of  International  Arbi- 
tration was  read  and  on  motion  filed. 

The  Secretary  reported  that  the  library  had  been  presented  with  a 
copy  of  the  fifteenth  annual  report  of  the  American  Street  Railway  Asso- 
ciation. 

Professor  F.  E.  Nipher  then  addressed  the  club  on  "The  Frictional  Ef- 
fect of  Trains  of  Cars  on  the  Air."  The  instruments  and  methods  used  in 
ineasuring  pressures  in  the  neighborhood  of  moving  trains  were  described. 
A  diagram  containing  the  results  of  a  large  number  of  tests  was  shown  and 
the  nature  and  equation  of  the  curve  deduced.  The  value  of  the  constants 
computed  from  the  equation  of  the  curve  and  those  computed  from  the  ob- 
servations checked  closely.  Improved  instruments  for  making  these  tests 
were  shown  and  future  work  in  this  direction  outlined.  The  address  was 
illustrated  by  apparatus  and  diagrams.  The  discussion  which  followed  was 
participated  in  by  Professor  Johnson  and  Messrs.  Flad,  Ockerson,  Bryan, 
Earth,  Van  Ornum  and  Baier. 

The  President  announced  that  he  had  appointed  Messrs.  Maltby,  Free- 
man and  Harrington  members  of  a  reception  committee  to  introduce  new 
members. 

There  being  no  further  business,  the  Club  adjourned  to  another  room 
where  refreshments  were  served. 

Richard  McCulloch,  Secretary. 


449TH  Meeting,  February  16,  1897. — The  meeting  was  called  to  order 
at  8  p.  M.  at  1600  Lucas  place,  with  President  Flad  in  the  chair.  In  the  ab- 
sence of  the  Secretary,  Mr.  W.  A.  Layman  was  appointed  to  fill  that  posi- 
tion.    22  members  and  3  visitors  were  present. 

The  minutes  of  the  four  hundred  and  forty-eighth  meeting  were  read 
and  approved. 

Mr.  J.  A.  Ockerson  reported  that  he  had  received  a  letter  from  the 
President  of  the  Engineers'  Club  of  Minneapolis  stating  that  the  Minneapo- 
lis Club  had  adopted  a  provision  regarding  the  exchange  of  members  among 
the  Engineering  Societies,  similar  to  that  in  Section  8  of  the  by-laws  of  the 
Engineers'  Club  of  St.  Louis. 

The  paper  of  the  evening  by  Mr.  J.  L.  Van  Ornum,  entitled  "Some 
Water  Supplies  of  Southern  California."  was  then  read.  The  peculiar  geo- 
graphical and  physical  conditions  of  Southern  California  were  briefly  re- 
viewed, and  the  methods  of  procuring  water  for  irrigation  and  for  the  use 
of  cities  and  towns  were  described.  Although  artesian  wells  and  dams  are 
often  employed  for  the  purpose  of  collecting  water,  the  peculiarity  of  the 
region  is  the  very  extensive  use  of  tunnels  driven  in  the  detritus,  parallel  to 
the  course  of  the  mountain  streams.  Numerous  examples  of  the  various 
methods  were  given. 


20  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

After  the  reading  of  the  paper,  the  meeting  adjourned  to  another  room, 
where  refreshments  were  served. 

Richard  IMcCulloi-II,  Secretary. 


Tocliiiical  Sooioty  of  the  Pjioilic  Coast. 

San  Francisco,  Cal..  Ri-:gular  Meeting.  February  5.  1897. — Called 
to  order  at  8.30  p.  m.  by  Past  President  George  W.  Dickie. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  were  elected  to  membership: — 

For  members:- — 

R.  F.  INIasson,  electrical  engineer,  of  San  Francisco. 

Herman  Meyer,  civil  engineer,  of  San  Francisco. 

For  Junior: — 

Harry  H.  Hirst,  civil  engineer,  of  San  Francisco. 

Mr.  George  W.  Dickie  thereupon  addressed  the  society  on  its  present 
standing  and  future  possibilities  as  follows: — 

valedictory  address. 

Technical  Society.  February  5.  1897. 

After  having  served  you  for  two  years  as  president,  I  may  be  permitted, 
in  vacating  this  chair,  to  address  you  briefly  on  the  condition  of  our  society, 
and  what  will  be  necessary  on  the  part  of  its  members  in  order  that  that 
condition  may.be  improved  and  a  more  vigorous  life  be  imparted  to  all  its 
members. 

Your  new  President  will  not  be  able  to  do  any  better  than  his  prede- 
cessors unless  all  the  members  realize  that  it  is  their  privilege  to  give  as 
well  as  to  get,  and  that  if  the  transactions  of  this  society  are  to  be  of  any 
service  to  the  various  professions  that  we  represent  they  must  be  enriched 
by  the  experience  and  labors  of  all  its  members. 

There  is  no  excuse  whatever  for  the  existence  of  this  society  except 
as  an  instrument  of  mutual  help  in  our  varied  callings.  In  our  society,  as 
in  a  great  many  others  of  a  like  character,  the  majority  of  the  members  are 
content  with  merely  keeping  up  their  membership,  because  such  member- 
ship is  an  evidence  that  their  standing  in  their  profession  is  recognized  by 
others,  and  perhaps  more  prominent  members,  in  that  profession. 

I  am  surprised,  when  reading  the  applications  for  membership  in  this 
society,  to  see  how  much  in  engineering  and  kindred  branches  of  applied 
science  these  gentlemen  have  accomplished  in  the  past,  and  am  still  more 
surprised  that  the  society  benefits  so  little  by  the  addition  to  its  ranks  of 
men  who  have  been  in  charge  of  great  works,  who  have  built  railroad.s, 
bridges,  tunnels,  canals,  explored  territories,  located  mines,  designed  great 
engines  and  other  machinery,  drained  cities  and  taxpayers,  built  water 
works,  and  watered  stocks. 

If  the  experiences  as  set  forth  in  the  applications  for  membership  could 
only  be  applied  in  the  production  of  papers  for  our  meetings,  the  trans- 
actions of  this  society  would  be  rich  indeed. 

In  looking  over  our  list  of  members,  I  am  surprised  that  the  Directors 
should  have  to  discuss  the  means  of  procuring  papers,  when  there  should 
be  several  on  hand  at  all  times  from  which  to  select. 

Gentlemen,  the  poverty  of  our  transactions  accounts  for  the  poverty  of 
our  treasury. 

If  our  published  papers  were  of  vital  interest  to  the  profession  we  rep- 
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resent,  our  people  would  be  more  ready  to  contribute  in  order  to  possess 
them.  The  transactions  of  our  society  ought  to  be  richer  in  original  work 
and  methods  than  those  of  any  other  society  in  the  United  States,  because 
our  membership  covers  a  larger  field  in  variety  of  work  than  that  of  any 
other  society.  Our  conditions  demand  original  work,  and  more  of  it  is 
done  here  than  elsewhere. 

The  industrial  and  engineering  problems  that  confront  this  community, 
and  that  must  be  solved  before  permanent  prosperity  will  prevail,  will  give 
vast  opportunities  to  men  of  enterprise  and  skill  in  the  various  professions, 
and  the  working  out  of  these  problems  will  be  of  great  interest  to  the  pro- 
fessions throughout  the  world. 

The  material  development  of  this  state  has  hitherto  been  of  slow 
growth.  The  cause  of  this  retardation  is  largely  due  to  the  fact  that  those 
who  came  here  first  did  not  come  to  develop  any  of  the  natural  resources 
around  them,  but  to  pick  up  the  valuable  things  they  found  lying  loose  and 
go  off  with  them  to  some  place  where  their  possessions  would  give  the 
possessor  importance. 

Only  works  of  immediate  utility  have  been  projected,  and  those  of  the 
most  temporary  character;  hence  the  civil  engineer  has  not  yet  had  his 
opportunity.  That  opportunity  will  come  when  our  people  as  a  whole 
realize  that  this  state  is  theirs  to  improve  and  develop,  and  that  their  future 
depends  entirely  upon  what  they  do  with  this  heritage  of  theirs,  and  enact 
wise  laws  looking  to  the  fostering  of  every  enterprise  and  industry  neces- 
sary to  the  development  of  our  resources. 

In  this  development  our  society  can  and  ought  to  take  a  leading  part. 
Its  members  ate  those  who  should  point  the  way;  their  profession  requires 
them  to  study  the  very  problems  that  confront  this  community:  How  to 
construct  roads  throughout  the  state;  how  to  utilize  the  water-power 
of  our  mountains;  how  to  transmit  the  power  when  generated;  irrigation 
and  the  problems  that  cluster  around  that  great  subject;  industries  that 
should  by  nature  succeed  in  this  state;  transportation  problems,  both  by  sea 
and  land;  the  exchange  of  products  with  other  peoples. 

These  and  other  great  problems  are  in  the  future  for  us.  Are  they  to 
remain  problems,  or  are  they  to  be  solved  for  the  benefit  of  ourselves  and 
posterity?  is  the  question  of  the  present. 

Such  societies  as  ours  are  the  natural  solvers  of  such  problems.  Legis- 
lators and  capitalists  get  their  inspiration  from  what  we  say  and  write 
about  them.  Our  work  must  go  before  the  law  that  makes  possible  and 
the  capital  that  makes  practicable  great  works  of  utility;  and  I  very  much 
fear  that  the  barrenness  of  our  statute-books  of  any  law  designed  to  assist 
the  development  of  any  industry  is  due  to  the  fact  that  so  little  interest  is 
manifested  by  practical  men  in  anything  outside  of  their  own  immediate 
interests. 

I  have  thought  lately  that  we  might,  on  alternate  meeting  nights,  adopt 
topical  subjects  from  the  great  problems  to  be  solved  by  this  state,  and  thus 
get  into  our  transactions  our  best  thoughts  and  practical  experience  on 
these  questions,  thus  giving  a  mental  stimulus  to  members  who  do  not 
attend  the  meetings  that  will  incite  them  to  the  preparation  of  papers  on 
the  subjects  with  which  their  daily  work  brings  them  into  contact. 

I  trust  our  new  President  and  his  Board  of  Directors  will  find  a  way 
to   bring  into  line  all   the  ability  of  this   society,  both   resident  and  non- 
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resident,  so  that  our  society  life  may  be  a  positive  power  in  the  upbuilding 
of  the  professions  we  represent  and  a  great  factor  in  the  development  of 
our  state. 

It  is  now  my  duty,  and  I  can  assure  you  it  is  to  me  a  great  pleasure,  to 
introduce  to  j'ou  Mr.  E.  J.  Molera,  whom  you  have  chosen  as  your  next 
President. 

Mr.  Dickie  introduced  to  the  society  Mr.  E.  J.  Molera,  the  President- 
elect for  the  ensuing  year,  who  thereupon  took  the  chair. 

Mr.  G.  W.  Percy  read  the  paper  of  the  evening,  entitled  "Peculiarities 
of  Construction  in  the  Noted  Mole  Antonelliana  of  Turin,"  which  was 
discussed  by  members  present. 

Mr.  George  F.  Allardt  spoke  of  the  proposed  amendment  to  the  Li- 
censed Surveyors'  Act,  quoting  from  the  Senate  bill  at  length,  and  finally 
offered  the  following  resolution: — 

Resolved,  That  the  Technical  Society  of  the  Pacific  Coast,  after  a  careful 
examination  of  Senate  Bill  No.  417,  concerning  licensed  land  surveyors, 
introduced  by  Senator  Cleaves,  fully  indorses  the  provisions  of  the  bill, 
believing  that  its  enactment  will  tend  to  elevate  the  standing  of  the  survey- 
ing profession,  and  ensure  to  land-owners  more  reliable  surveys  and  the 
perpetuation  of  such  surveys  by  suitable  and  permanent  monuments. 

The  resolution  was  passed  by  vote,  and  the  Secretary  instructed  to 
send  a  copy  of  it  to  Senator  Cleaves,  at  Sacramento. 

Adjourned. 

Otto  von  Geldern,  Secretary. 


Directors'  Meeting,  February  5,  1897,  at  4  p.m.,  President  Molera  in 
the  chair. 

Present:  Directors  Barth,  Henny,  Falkenau,  Jones,  Schild,  and  Von 
Geldern. 

President  Molera  spoke  of  the  advisability  of  getting  members  to  take 
out  a  life-membership  in  order  to  raise  the  financial  standing  of  the  society. 
This  project  was  discussed  by  the  board. 

The  President  thereupon  appointed  the  following  committees  from  the 
directory: — 

Executive  Committee— G.  W.  Percy,  chairman;  Edw.  C.  Jones  and 
D.  C.  Plenny. 

Finance  Committee — W.  F.  C.  Hasson,  chairman;  Hermann  Barth  and 
Louis  Falkenau;  and  named  Messrs.  Jones  and  Henny  on  the  Board  of 
Management  of  the  Association  of  Engineering  Societies. 

The  necessity  was  suggested  of  making  appropriate  arangements  with 
the  members  of  the  society  to  induce  them  to  prepare  papers  beforehand, 
in  order  to  be  able  to  set  dates  for  certain  subjects  in  ample  time,  without 
having  to  search  for  a  paper  on  short  notice.  It  was  thought  expedient  to 
prepare  a  circular  letter  to  this  effect  and  send  it  to  all  members. 

An  amendment  to  the  Licensed  Surveyors'  Act  was  laid  before  the 
board  and  referred  by  the  Directors  to  the  regular  meeting  to  be  held  in 
the  evening. 

The  Treasurer  was  instructed  to  pay  two  months'  rent  of  rooms,  and,  to 
the  Association  of  Engineering  Societies,  one  assessment,  as  soon  as  funds 
sufficient  are  available. 

Adjourned. 

Otto  von  Geldern',  Secretary. 
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Engineers'  Club  of  Minneapolis. 


Minneapolis,  Minn.,  February  23,  i897.^The  Engineers'  Club  of  Min- 
neapolis met  in  the  Council  Committee  Room,  City  Hall,  at  8  p.m. 

President  Frank  J.  Llewellyn  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  President  announced  as  the  Committee  on  New  Membership:  W. 
R.  Hoag,  A.  B.  Coe,  and  E.  H.  Loe. 

The  resignation  of  Venon  M.  Smith  was  read  and  referred  to  the 
President. 

The  Secretary  read  as  the  report  of  the  committee:  The  Memorial  to 
Congress  relative  to  Bill  H.  R.  9492,  and  letters  from  Hon.  L.  Fletcher  and 
Senator  C.  K.  Davis  acknowledging  its  receipt  and  agreeing  that  it  was 
meritorious.     The  report  was  accepted  and  the  committee  discharged. 

Proposed  for  membership:  Ellis  J.  Wolf,  by  W.  R.  Hoag  and  F.  J. 
Llewellyn;  H.  E.  Smith,  J.  E.  Carroll,  by  F.  J.  Llewellyn  and  W.  R.  Hoag 

The  President  read  a  letter  from  Wm.  de  la  Barre,  stating  that  he  would 
be  glad  to  show  the  Club  what  work  was  being  done  on  the  new  dam  below 
the  St.  Anthony  Falls  at  any  time  which  would  be  convenient  to  the  Club, 

The  arrangement  of  such  a  trip  was  referred  to  the  President  and  Sec- 
retarj-,  with  the  suggestion  that  some  Saturday  afternoon  might  bring  out 
the  largest  attendance,  and  that  it  would  be  agreeable  to  extend  an  invita- 
tion to  the  St.  Paul  Association  of  Civil  Engineers. 

The  President  announced  the  subject  of  the  evening,  "Good  Roads," 
that  Mr.  Charles  A.  Forbes  had  disappointed  him  unavoidably,  and  that 
A.  B.  Choat  had  promised  to  be  present  and  report  the  action  taken  at  the 
late  L.  A.  W.  Convention,  but  was  not  here. 

W.  R.  Hoag  then  read  a  paper  on  "Drainage  of  Country  Roads,"  by 
E.  A.  Whitman,  a  student  of  the  U.  of  M.,  followed  by  his  paper  on  "Eu- 
ropean Roads,"  illustrated  by  numerous  maps. 

A  motion  that  he  put  his  papers  and  E.  A.  Whitman's  in  shape  for  pub- 
lication in  the  Journal  carried. 

In  response  to  a  request  by  the  President,  W.  R.  Hoag  made  a  state- 
ment of  proposed  state  legislation  on  road  improvement. 

A  committee,  composed  of  W.  R.  Hoag,  F.  W.  Cappelen,  and  I.  E. 
Howe,  to  draft  and  present  a  memorial  favorable  to  the  Constitutional 
Amendment  and  the  Temporary  Commission  bills,  was  appointed. 

Adjourned. 

Elbert  Nexsen,  Secretary 


Lon^'itude        105  West  from  90  Greenwich 
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Civil  Engineers'  Club  of  Cleveland. 


Annual  meeting  of  the  Civil  Engineers'  Club  of  Cleveland,  March  9, 
1897.  President  Howe  in  the  chair.  Present,  fifty  members  and  five  visi- 
tors. The  minutes  of  the  last  regular  meeting  and  of  the  semi-monthly 
meeting  held  February  23,  were  read  and  approved. 

Messrs.  Nelson  and  Hayes  were  appointed  tellers  to  canvass  the  ballots 
for  new  members,  and  Messrs.  Green  and  Ives  to  canvass  the  ballots  for 
officers. 

"  The  application  of  Mr.  Robert  R.  Muir  for  admission  to  active  mem- 
bership, and  of  Albert  C.  Bishop  for  admission  to  associate  membership 
were  read. 

The  Secretary  reported  the  acceptance  by  the  Executive  Board  of  the 
resignation  of  Mr.  G.  H.  Wadsworth,  and  of  the  promotion  of  John  M. 
Wilson  to  the  position  of  chief  of  engineers,  U.  S.  A.,  with  the  rank  of 
brigadier-general. 

Mention  was  made  of  the  receipt  of  a  biographical  sketch  of  Mr.  J.  F. 
Holloway,  read  by  James  F.  Lewis  before  the  American  Institute  of  Mining 
Engineers. 

The  following  resolutions  were  introduced  by  Mr.  Searles,  and  sec- 
onded by  Mr.  Culley: 

Resolved, — i.  That  the  custom  of  providing  light  luncheons  at  the  close 
of  club  meetings  is  an  excellent  one,  promotive  of  mutual  acquaintance, 
sociability  and  harmony,  and  should  be  continued. 

2.  That  the  expense  of  said  luncheons  is  not  a  proper  charge  upon  the 
treasury  of  the  club,  but  like  that  of  the  annual  banquet,  picnic,  and  similar 
gatherings  of  a  social  nature  should  be  met  entirely  by  private  subscription. 

3.  That,  while  approving  the  appropriation  of  funds  already  made  by 
the  board  in  testing  the  practicability  and  popularity  of  the  lunch  system,  it 
is  the  sense  of  this  meeting  that  such  appropriations  should  cease  for  the 
future. 

4.  That  a  standing  committee  of  three  to  be  known  as  the  Social 
Committee,  with  the  Secretary  as  chairman,  be  appointed  by  the  President 
to  receive  subscriptions  and  contributions  to  the  Social  Fund,  to  have  the 
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custody  of  the  same,  distinct  and  separate  from  the  funds  in  the  treasury, 
to  have  the  ordering  of  luncheons  for  the  club  at  its  discretion,  and  to  pay 
for  the  same  out  of  the  Social  Fund. 

5  That  said  Social  Committee  be  instructed  to  keep  an  accurate  item- 
ized account  of  receipts  and  expenditures,  which  shall  be  submitted  to  the 
President  for  approval  prior  to  the  annual  meeting,  and  at  any  other  time 
upon  demand;  and  to  report  to  the  annual  meeting  only  the  total  receipts 
and  disbursements  of  the  fund,  and  the  balance  remaining;  which  balance 
shall  be  turned  over  to  the  succeeding  Social  Committee. 

6.  That  all  members  of  the  club  are  equally  welcome  and  entitled  to 
attend  the  luncheons  of  the  club,  as  heretofore,  regardless  of  subscriptions, 
and  to  invite  non-members  to  accompany  them  at  their  discretion. 

7.  That  these  resolutions  go  into  efifect  immediately. 

After  considerable  discussion,  the  resolutions  were  laid  on  the  table  for 
one  month. 

The  report  of  the  Treasurer  and  the  Finance  Committee  was  then  read 
by  the  chairman  of  the  Finance  Committee,  as  follows: 

TREASURER'S  REPORT. 

Cleveland,  O.,  March  5,  1897. 
Mr.  President,  and  Members  of  the  Civil  Engineers'  Club: — 

Gentlemen: — I  herewith  submit  the  report  of  the  Treasurer  for  the 
year  starting  March  10,  1896,  and  ending  March  5,  1897.  There  was  a  bal- 
ance left  from  last  year  of  $181.83.  There  has  been  collected  during  the 
year:  dues,  $1,508.62;  percentage  on  the  Cleveland  Frog  and  Crossing  Com- 
pany's advertisement  in  the  Association  of  Engineering  Society's  journal, 
$72.00;  balance  returned  by  the  Journal,  from  extra  assessment,  $4.00,  leav- 
ing a  total  for  the  year  of  $1,766.45. 

The  disbursements  for  this  period  have  been,  rent  to  Case  Library, 
$112.50;  one  hundred  and  fifty-three  membership  tickets  at  $1.00  each,  in 
Case  Library,  $153;  Association  of  Engineering  Societies,  $381.75;  this  is 
the  second,  third  and  fourth  quarterly  assessment  for  1896.  Invoice  of 
caterers  for  lunclies  afcer  meetings,  $181.38;  stationery,  printing,  stamps, 
etc.,  $572.16;  which  makes  a  total  of  $1,400.79.  'This  amount  deducted  from 
the  receipts  of  $1,766.45,  leaves  a  balance  in  the  treasury  of  $365.66. 

The  permanent  fund  deposit  with  the  Society  for  Savings  last  year  was 
$417.70,  to  which  has  been  added  for  the  current  year  the  sum  of  $115.00, 
from  entrance  fees,  and  $18.15  from  interest,  making  a  total  of  $133.15  that 
has  been  collected  to  the  credit  of  the  permanent  fund  this  year.  That 
added  to  the  balance  of  last  year  of  $417.70,  leaves  a  balance  of  $550.85  for 
the  permanent  fund. 

There  has  been  collected  for  the  library  fund  the  sum  of  $215;  there 
has  been  expended  $197.02,  which  leaves  a  balance  in  the  treasury  of  $17.98, 
to  the  credit  of  the  library  fund. 

Respectfully  submitted, 

Jas.  C.  Wallace,  Treasurer. 

Audited  by  James  Ritchie,  chairman;  F.  A.  Coburn,  members  of  the 
Finance  Committee.. 

The  report  was  received  and  ordered  spread  upon  the  minutes. 

The  Secretary's  report  was  read  as  follows: 


PROCEEDINGS.  27 

SECRETARY'S  REPORT. 

Mr.  President,  and  Members  of  the  Civil  Engineers'  Club: — 

There  have  been  added  this  year  thirty-seven  new  members  to  the  rolls 
of  the  club.  The  total  number  is  now  191,  of  which  5  are  honorary  mem- 
bers, 15  are  corresponding  members,  21  are  associate  members,  and  150  are 
active  members. 

The  number  of  honorary  members  is  the  same  as  last  year.  The  num- 
ber of  corresponding  members  is  one  more  that  last  year.  The  number  of 
associate  members  is  eight  more  than  last  year.  The  number  of  active 
members  is  ig  more  than  last  year.  The  total  gain  in  membership  is  28 
members. 

We  have  lost  by  death  two  members,  by  resignation  six,  and  one  mem- 
ber has  been  dropped  for  the  non-payment  of  dues. 

The  total  loss  is  nine  members,  making  the  net  gain  twenty-eight 
meinbers. 

We  have  made  up  the  loss  of  the  two  previous  years  and  resumed  our 
old  normal  condition  of  increase. 

The  picnic  which  took  the  place  of  our  August  meeting  was  held  at 
\\'hite's  Villa  in  Rockport,  a  most  beautiful  place  for  that  purpose.  It  was 
a  great  success,  notwithstanding  that  most  of  us  waited  there  one  car  too 
late  and  were  somewhat  wet  by  a  summer  shower. 

One  of  the  elements  of  the  good  time  lay  in  our  combining  with  the 
Architectural  Club,  which  not  only  helped  by  increasing  the  number  of  the 
pleasant  company,  but  also  by  enabling  the  committee  to  clear  expenses. 
It  is  to  be  hoped  that  this  union  may  be  again  efifected  this  coming  year. 

When  the  first  half  of  the  year  ninety-six  was  passed  we  had  hopes  that 
the  year  would  see  no  one  added  to  the  ranks  of  those  who  have  gone  to 
represent  us  on  the  other  side.  But  it  could  not  be.  Dr.  C.  O.  Arey  died 
on  the  i2th  of  August.  At  the  meeting  in  June  he  read  an  interesting  and 
scientific  paper  upon  water  supply  and  sewerage,  and  we  little  thought  as 
we  listened  that  it  was  the  last  time  we  should  hear  his  voice,  or  that  he, 
with  so  promising  a  work  before  him,  would  be  thus  cut  ofif  in  the  very 
prime  of  life. 

At  the  July  meeting  we  were  entertained  with  a  description  of  the 
great  Bethlehem  Iron  Works. 

Mr.  Holloway  inspired  by  a  portrait  shown  upon  the  screen  followed 
in  an  enthusiastic  tribute  to  the  worth  and  character  of  Mr.  John  Fritz,  the 
founder  of  the  works.  There  again,  though  we  little  thought  it,  we  were 
listening  to  one  of  our  oldest  and  dearest  members  for  the  last  time  in  this 
life.  Mr.  Holloway  died  September  i.  A  large  delegation  from  our  club 
assembled  at  the  funeral  at  Cuyahoga  Falls.  There  we  met  Mr.  Fritz,  come 
upon  the  same  sad  errand  as  ourselves  to  pay  respect  to  the  memory  of  this 
great,  good  friend. 

The  attendance  has  been  the  largest  of  any  year  since  our  organization, 
the  average  number  being  55. 5-16.  It  is  to  be  hoped  that  the  attendance 
will  continue,  and  that  by  the  aid  of  this  active  working  membership,  and 
also  of  the  interested  visitors  from  whom  we  recruit  our  ranks,  that  the 
healthy  growth  of  the  club  will  be  assured. 

The  exact  percentage  of  visitors  for  the  year  can  not  be  given,  as  the 
attempt  to  keep  an  account  has  been  made  but  for  a  few  months.  For  the 
last  seven  months  it  has  been  about  30  per  cent,  of  the  total. 
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During  the  year  an  attack  has  been  made  upon  a  small  mountain  of  old 
papers  of  various  descriptions,  an  accumulation  since  the  birth  of  the  club. 
The  collection  has  been  overhauled  and  everything  of  any  possible  value 
has  been  assorted  and  filed.  The  roll  of  all  persons  who  have  ever  been 
members  of  the  club  has  been  corrected,  and  all  are  either  nov^r  members  or 
accounted  for,  and  their  records  completed  as  far  as  available  data  could  be 
obtained. 

The  Secretary  is  very  grateful  for  the  patience  and  charity  with  which 
the  club  has  excused  or  overlooked  his  many  failures  and  shortcomings. 
He  has  learned  a  great  deal  in  many  ways,  and  above  all  he  has  learned 
more  to  respect  and  love  his  brother-members.  It  only  remains  for  him 
to  say  that  the  increase  in  interest,  in  attendance  and  in  membership  assures 
us  that  the  angel  of  prosperity  is  with  our  Club. 

Very  respectfully  submitted, 

F.  A.  CoBURN,  Secretary. 
March  9,  1897. 

The  report  was  received  and  ordered  spread  upon  the  minutes. 
The  report  of  the  Librarian  was  read  as  follows: 

LIBRARIAN'S  REPORT. 

To  The  Civil  Engineers'  Club  of  Cleveland: — 

Gentlemen: — ^The  following  statement  is  submitted  as  the  annual  re- 
port of  your  Librarian:  In  addition  to  various  government,  state,  and  city 
reports  and  other  bulletins  and  pamphlets,  the  club  has  received  regularly 
about  twenty  different  scientific  periodicals,  and  undoubtedly  many  of  the 
members  have  had  occasion  to  appreciate  the  kindness  of  the  publishc-s 
for  these  gratuitous  contributions. 

During  the  year  1896  nine  papers,  out  of  a  total  of  forty-three  by  all 
members  of  the  association,  were  published  by  this  club  in  the  Journal  of 
the  Association  of  Engineering  Societies.  This  record  does  not  vary 
greatly  from  that  of  the  year  1894,  when  eight  papers  out  of  a  total  of 
thirty-four  were  contributed,  but  is  a  decided  improvement  over  the  year 
1895,  when  but  four  papers  out  of  a  total  of  fifty-nine  were  credited  to  this 
club.  The  number  of  pages  of  reading  matter  in  the  Journal  was  in- 
creased from  717  in  1894  to  840  in  1895,  but  dropped  to  499  in  1896.  This 
falling  off  was  due  partly  to  the  withdrawal  of  the  Western  Society  of  En- 
gineers, anfl  partly  to  the  comparatively  small  number  of  papers  ofifered  by 
the  societies  of  Boston  and  Virginia,  who  were  liberal  contributors  the  pre- 
vious year.  The  Journal  was  started  nearly  twenty  years  ago  through  the 
efforts  of  this  club,  and  by  the  earnest  co-operation  of  the  other  societies 
of  the  association  has  long  since  proved  its  claim  to  a  high  position  among 
the  engineering  publications  of  the  United  States.  It  is  the  duty  of  the 
club  to  see  that  this  position  is  maintained,  and  it  is  earnestly  hoped  that 
the  individual  members  will  co-operate  to  this  commendable  end. 

Great  credit  is  due  to  the  Program  Committee  for  its  systematic  and 
able  work  during  the  past  year,  both-  for  the  many  interesting  meetings 
provided,  and  for  the  contributions  to  our  publication.  It  is  hoped  that 
the  new  committee  will  profit  by  the  excellent  example  set,  and  that  it  will 
do  its  best  to  improve  upon  the  record  made.  Before  leaving  this  subject 
your  Librarian  wishes  to  suggest  that  as  far  as  possible  all  papers  for  pub- 
lication be  type-written  and  carefully  corrected  before  handing  in. 
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As  a  result  of  the  establishment  of  the  Library  Fund  through  the  sug- 
gestion and  efforts  of  Mr.  Culley,  the  amount  of  $210  was  collected  by  the 
Library  Committee  the  first  year.  Of  this  sum  $197.02  was  expended,  and 
seventy-six  books  and  nine  numbers  of  the  transactions  of  the  American 
Society  of  Civil  Engineers  were  bought  for  the  club.  While  by  its  agree- 
ment the  Case  Library  is  called  upon  to  expend  an  equal  amount,  it  paid 
out  the  sum  of  $342.02  in  the  purchase  of  fifty-four  books,  and  estimates 
the  purchase  of  periodicals  and  binding  at  about  $350. 

A  statement  in  regard  to  the  approximate  number  of  books  and 
amount  expended  for  the  dififerent  branches  of  engineering  may  be  of  inter- 
est, and  is  as  follows: 

Civil  Engineering  (including  surveying,  sewerage,  paving,  and  water 
works)  38  books  at  a  cost  of  about  $80. 

Mechanical  Engineering,  30  books  at  a  cost  of  about  $70. 

Bridge  Engineering,  7  books  at  a  cost  of  about  $21. 

Electrical  Engineering,  18  books  at  a  cost  of  about  $30. 

Architecture,  14  books  at  a  cost  of  about  $230. 

Marine  Engineering,  9  books  at  a  cost  of  about  $30. 

Chemistry  (including  mining  and  metallurgy),  5  books  at  a  cost  of 
about  $8. 

The  necessity  of  a  Library  Committee  composed  of  one  representative 
from  each  of  the  branches  of  engineering,  whose  duty  it  shall  be  to  pass 
upon  the  list  of  books  to  be  purchased,  and  to  keep  the  number  and  amount 
of  money  expended  as  nearly  as  possible  proportional  to  the  number  of 
members  of  the  dififerent  classes  is  apparent. 

Perhaps  the  most  important  item  of  this  report  is  one  of  news  to  the 
members.  The  club  has  received  through  our  Past  President,  Mr.  Mor- 
decai,  a  donation  of  books  from  Miss  Ellen  Cleemann,  as  a  memorial  of 
the  work  of  her  brother,  Mr.  Thomas  M.  Cleemann. 

The  list  includes: 

Van  Nostrand's  Magazine  from  1869  to  1886. 

Engineering  from  1867  to  1884. 

American  Engineer  and  Railroad  Journal  from  1887  to  1894. 

Journal  of  the  Association  of  Engineering  Societies  from  1881  to  1893. 

Transactions  of  the  American  Society  of  Civil  Engineers  from  1872 
to  1893. 

Proceedings  of  the  American  Society  of  Civil  Engineers  from  1872  to 
1882. 

Proceedings  of  the  Engineers'  Club  of  Philadelphia  from  1880  to  1893. 

Poor's  Manual  from  1878  to  1882. 

Annual  Reports  of  the  Water  Department  of  Philadelphia  from  1879 
to  1891  (1883  and  1887  missing). 

Pennsylvania  Railroad  Reports  from  1863  to  1878. 

Auditor  General's  Report  of  Railroads  and  Canals  from  1866  to  1870. 

Railroad  Engineer's  Practice  by  Thomas  M.  Cleemann. 

By  reason  of  Miss  Cleemann's  handsome  donation  the  club's  file  of  the 
transactions  of  the  American  Society  of  Civil  Engineers  is  made  complete. 

In  conclusion  your  Librarian  desires  to  urge  once  more  the  earnest 
co-operation  of  each  and  every  member  in  the  effort  to  establish  a  com- 
plete scientific  library  in  Cleveland.  The  fund  is  open  for  any  and  ail  con- 
tributions, and  the  club  will  welcome  the  gift  of  any  scientific  books  which 
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can  be  spared  by  the  members  from  their  private  shelves.     The  Librarian 
will  be  glad  to  receive  suggestions  and  names  of  desirable  books. 

Respectfully  submitted, 

A.  Lincoln  Hyde,  Librarian. 
It  was  received  and  ordered  spread  upon  the  minutes  of  the  club. 
The  following  was  ofifered  by  the  Librarian: 
Resolved,  That  the  thanks  of  the  Civil  Engineers'  Club  of  Cleveland  be 
<;xtended  to  Miss  Cleemann  for  her  very  generous  gift  of  books.     That  they 
be  received  and  placed  upon  our  shelves  as  a  memorial  of  the  work  of  her 
brother,  Mr.  Thomas  M.  Cleemann,  well  known  as  an  accomplished  and 
skillful  engineer  and  writer. 

It  was  adopted  and  the  Librarian  was  directed  to  communicate  with 
Miss  Cleeman  in  accordance  with  the  provision  of  the  resolution. 

The  report  of  the  Program  Committee  was  then  presented  as  follows: 

REPORT  OF  THE  PROGRAM  COMMITTEE. 

The  Program  Committee  having  completed  its  duties  for  the  year  has 
the  honor  to  submit  the  following  report: 

Upon  organizing,  the  policy  of  the  preceding  committee  was  adopted, 
viz.:  that  of  filling  at  once  all  the  list  of  meetings  for  the  year  with  definite 
appointments  as  to  lectures  and  topics.  The  result  has  proved  so  satisfac- 
tory that  we  confidently  recommend  the  same  policy  to  the  consideration  of 
the  succeeding  committee. 

The  Constitution  only  requires  the  committee  to  assign  one  of  the  gen- 
eral subjects  and  sub-divisions  of  engineering  to  each  meeting,  so  that  the 
whole  field  may  be  well  covered  in  the  course  of  the  year;  but  the  early 
announcement  of  a  specific  topic  and  the  name  of  the  speaker,  lends  addi- 
tional interest  to  the  work  of  the  club*  and  the  published  calendar,  like  a 
handsome  menu  card,  serves  to  prepare  the  membership  for  the  feast  of 
good  things  to  come,  and  increases  the  zest  with  which  it  discusses  them. 

The  number  of  papers  secured  for  presentation  to  the  chib  was  so 
great  that  they  could  not  be  accommodated  by  the  regular  meetings  only, 
and  several  semi-monthly  meetings  have  been  held  in  addition,  which  have 
been  equally  well  attended,  and  have  -proved  equally  interesting  with  the 
others. 

Indeed  the  absence  of  routine  business  gives  the  more  time  to  the 
reading  and  discussion  of  the  paper  at  the  semi-monthly  meeting. 

The  variety  of  topics  considered  during  the  past  year  illustrates  the 
catholicity  of  the  character  as  well  as  the  title  of  the  Civil  Engineers'  Club. 

We  have  discussed  the  Smoke  Nuisance  and  its  Prevention  under  the 
joint  leadership  of  Dr.  C.  F.  Mabery  and  Professor  C.  H.  Benjamin. 

We  have  discussed  Steam  Engines  as  applied  to  direct  connected  Elec- 
tric Generators,  led  by  Mr.  E.  A.  Sperry;  the  Phenomena  of  Electrical  Dis- 
charges in  Vacuo,  a  lecture  by  Dr.  D.  C.  Miller,  illustrated  with  apparatus; 
Water  Supply  and  Sewerage  as  effected  by  the  lower  vegetable  organism, 
with  special  reference  to  the  health  of  the  city  of  Cleveland;  a  very  valuable 
paper  presented  by  our  late  lamented  member,  Dr.  C.  O.  Arey,  only  a  few 
weeks  prior  to  his  death. 

We  had  the  pleasure  of  listening  to  a  highly  instructive  lecture  with 
elegant  stereoptican  illustrations  on  Modern  Improvements  in  the  art  of 
Steel  Forgings  by  Mr.  H.  F.  J.  Porter,  of  Chicago,  by  special  invitation  of 
the  club. 
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The  club  discussed  the  subject  of  Solar  Work  in  land  surveying,  and 
the  new  Solar  attachment  to  the  ordinary  transit,  the  invention  of  our 
fellow-member,  Mr.  J.  B.  Davis,  after  listening  to  the  paper  of  Mr.  J.  D. 
Varney. 

Mr.  Joseph  W.  Willard,  associate  member  of  the  club,  finished  a  com- 
prehensive paper  upon  the  History  and  Nature  of  Explosives,  and  by  re- 
quest supplemented  this  at  a  subsequent  meeting  by  a  paper  on  Modern 
Explosives.  This  was  followed  by  a  lecture  from  Dr.  C.  F.  Mabery  on  the 
Chemistry  of  Explosives,  and  a  general  discussion  by  the  members. 

Mr.  C.  L.  Saunders  read  a  paper  on  Gas  Producers  and  the  Mechanical 
Handling  of  Fuel  for  the  same.  Mr.  Jos.  R.  Oldham  furnished  a  paper  on 
the  Structural  Strength  of  Ships  with  special  reference  to  the  requirements 
of  navigation  on  the  Great  Lakes,  and  another  on  Steamship  Propulsion, 
and  the  relative  resistance  of  deep  and  shallow  draft  vessels  which  was 
vigorously  discussed. 

Mr.  Jas.  Ritchie  read  a  paper  with  blue-print  illustration  on  some  in- 
stances of  Recent  Roof  Construction,  which  elicited  discussion. 

Mr.  S.  T.  Dodd  gave  the  club  a  graphic  description  with  illustrations 
of  the  Niagara  Falls  Electric  Power  Plant,  and  of  the  immense  industries 
of  various  kinds  that  have  been  recently  established  in  that  vicinity. 

Professor  C.  H.  Benjamin  read  a  paper  on  the  Use  of  Electric  Motors 
on  Machine  Tools,  showing  the  advantage  in  large  plants,  of  local  motors 
over  long  lines  of  shafting  and  belts,  and  Dr.  Cady  Staley  addressed  the 
club  on  the  Sanitation  of  Paris,  giving  the  history  of  its  sewer  system,  and 
a  description  of  its  famous  sewers,  and  of  the  broad  irrigation  system  in 
operation  at  Gennevilliers. 

The  committee  has  also  provided  for  the  regular  meeting  in  April  next 
an  illustrated  lecture  upon  European  Architecture  by  Dr.  Cady  Staley. 

As  generous  as  the  foregoing  list  may  appear,  the  sessions  of  the  club 
were  not  numerous  enough  to  receive  all  the  papers  proposed.  No  less 
than  three  are  necessarily  postponed  to  be  enjoyed  on  some  future  occasion. 
These  papers  are  by  Messrs.  Richardson,  Short  and  Warner  respectively. 

A  number  of  the  foregoing  papers  have  duly  appeared  in  the  Journal 
of  the  association.  It  is  to  be  regretted  that  a  larger  number  were  not 
presented  in  manuscript  shape  so  as  to  be  sent  to  the  printer.  It  is  also  to 
be  regretted  that  some  of  the  discussions  could  not  be  preserved  in  print, 
since  they  contained  information  of  great  value  and  interest. 

The  club  has  reason  to  congratulate  itself  on  the  amount  and  quality  of 
the  scientific  work  it  has  accomplished  during  the  past  year,  on  the  value 
of  the  papers  read,  and  on  the  spirited  and  intelligent  discussions  that  have 
ensued.  These  are  the  signs  of  a  vigorous  life,  a  useful  career,  and  are  the 
promise  of  a  brilliant  future.  By  this  kind  of  work  the  club  commends 
itself  not  only  to  the  engineers  of  Cleveland,  but  to  the  intelligent  com- 
munity at  large,  which  realizes  that  all  advancement  in  public  comfort,  hap- 
piness and  real  prosperity  has  its  origin  in  the  brain  of  the  patient  thinker, 
the  close  student,  and  the  industrious  worker  in  the  domain  of  science. 

Respectfully  submitted, 
Wm.  H.  Searles,  Chairman,  C.  F.  Schulz, 

Joseph  R.  Oldham,  John  G.  Oliver, 

D.  C.  Miller,  F.  S.  Barnum, 

S.   T.    DODD, 

Program  Committee. 
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The  report  was  received  and  ordered  spread  upon  the  minutes. 

The  retiring  President  then  delivered  his  annual  address,  "The  Early 
History  of  Instruments  and  the  Art  of  Observing  in  Astronomy  and  Civil 
Engineering."  (See  address  in  the  previous  pages  of  this  number  of  the 
Journal.) 

The  announcement  of  the  election  of  Dr.  E.  W.  Morley  as  an  honorary 
member  of  the  club  was  announced,  and  was  greeted  with  applause. 

The  President  announced  the  election  as  active  members  of  Lyman 
Marshall,  Philip  E.  Knowlton,  Wm.  E.  Reed,  Chas.  Gofling,  Wm.  B.  Han- 
Ion,  John  P.  Johnson,  Lewis  C.  McLouth,  and  Edward  E.  Rose,  and  as 
associate  member  of  Wm.  Oehlstrom. 

The  report  of  the  tellers  on  election  of  new  officers  was  read  as  follows: 

President:  James  Ritchie. 

Vice-President:  C.  M.  Barber. 

Secretary:  F.  A.  Coburn. 

Treasurer:  Hiram  Kimball. 

Librarian:  A.  Lincoln  Hyde. 

First  Director:  John  W.  Langley. 

Second  Director:  Wm.  C.  Jewett. 

After  a  few  remarks  by  President-elect  Ritchie  a  resolution  was  offered 
by  Mr.  Searles  thanking  the  retiring  officers  for  their  faithful  and  efficient 
services.     It  was  unanimously  adopted. 

The  meeting  adjourned  and  a  light  lunch  was  served. 

F.  A.  Coburn,  Secretary. 


Engineers'  Chib  of  St.  Louis. 


450TH  Meeting,  March  3,  1897. — The  meeting  was  called  to  order  at 
1600  Lucas  Place,  with  President  Flad  in  the  chair,  at  8  P.  m.  Thirty-three 
members  and  four  visitors  were  present.  The  minutes  of  the  four  hundred 
and  forty-ninth  regular  meeting  and  the  two  hundred  and  thirty-second 
meeting  of  the  Executive  Committee  were  read  and  approved. 

The  application  for  membership  of  Mr.  William  H.  Reeves,  manager 
of  the  St.  Louis  office  of  Henry  R.  Worthington,  was  announced  and  re- 
ferred to  the  Executive  Committee. 

The  Secretary  read  the  correspondence  which  the  club  had  received 
regarding  its  memorial  to  Congress  relating  to  House  bill  No.  9492,  con- 
cerning the  appropriation  for  the  improvement  of  the  Lower  Mississippi 
River. 

The  question  of  serving  lunch  at  the  meetings  of  the  club  was  then 
taken  up  and  discussed  at  length.  On  motion  it  was  finally  decided  that 
the  lunch  should  not  be  paid  for  out  of  the  funds  of  the  club.  Seve'-al 
members  then  expressed  a  willingness  to  contribute  to  a  special  fund  for 
this  purpose. 

The  paper  of  the  evening  by  Mr.  Thomas  B.  McMath  on  "The  Design 
of  the  Edgebrook  Bridge"  followed.  The  Edgebrook  Bridge  carries  the 
tracks  of  the  St.  Louis  and  Mcramec  River  Electric  Railway  over  the  Mis- 
souri Pacific  tracks  and  River  Des  Peres  at  Edgebrook,  St.  Louis  county. 
Mo.     Its  entire  length  is  900  feet,  and  it  contains  two  spans  of  135  feet  each. 
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This  bridge  is  typical  of  a  new  class,  intermediate  between  the  highway 
bridge  and  the  steam  railway  bridge.  The  writer  discussed  the  main  points 
in  the  specifications,  the  principal  features  in  the  design,  the  loads  for  which 
the  bridge  was  calculated,  and  the  methods  employed  in  letting  the  con- 
tract. After  the  reading  of  the  paper  a  number  of  lantern  slides  showing 
views  taken  during  the  construction  were  exhibited.  An  interesting  dis- 
cussion followed,  participated  in  by  Messrs.  Crosby,  Earth,  Ockerson  and 
Borden. 

Professor  J.  H.  Kinealey  then  exhibited  a  glass  model  illustrating  the 
working  of  the  Pohle  air  lift  pump.  He  showed  the  method  of  operating 
the  pump  and  explained  several  theories  in  regard  to  its  action.  Following 
the  discussion  of  this  apparatus,  the  members  adjourned  to  another  room, 
where  lunch  was  served. 

Richard  McCulloch,  Secretary. 


451ST  Meeting,  March  17,  1897. — The  meeting  was  called  to  order  at 
S  p.  M.,  with  President  Flad  in  the  chair.  Forty-three  members  and  ten 
visitors  were  present.  The  minutes  of  the  four  hundred  and  fiftieth  regular 
meeting  and  the  two  hundred  and  thirty-third  meeting  of  the  Executive 
Committee  were  read  and  approved. 

The  application  for  membership  of  Mr.  William  H.  Reeves,  manager  of 
the  St.  Louis  office  of  Henry  R.  Worthington,  having  been  favorably  re- 
ported by  the  Executive  Committee,  this  gentleman  was  balloted  for  and 
elected  a  member  of  the  club. 

The  Secretary  read  a  letter  from  the  Western  Society  of  Engineers  re- 
garding the  memorial  to  Congress  concerning  the  improvement  of.  the 
lower  Mississippi  River. 

The  paper  of  the  evening  by  Mr.  Julius  Baier  was  then  read.  It  was 
entitled  "Wind  Pressure  in  the  St.  Louis  Tornado  with  Special  Reference 
to  High  Building  Construction."  This  paper  was  the  result  of  a  thorough 
study  of  the  St.  Louis  tornado  of  May  27,  1896.  From  the  known  stability 
of  a  number  of  structures  wrecked  in  the  storm,  the  minimum  force  of  the 
wind  was  estimated.  The  theory  of  tornadoes  and  a  number  of  observa- 
tions of  tornado  effects  in  other  places  were  given.  Instruments  for  meas- 
uring the  speed  and  force  of  the  wind  were  described,  and  their  limitations 
defined.  Experiments  showing  the  relative  pressure  and  suction  action  of 
the  wind  on  various  shapes  were  cited.  A  large  number  of  lantern  slides 
were  exhibited  showing  views  of  other  tornadoes  and  views  taken  after  the 
St.  Louis  tornado.  Following  Mr.  Baier,  Dr.  Frankenfield,  of  the  United 
States  Weather  Bureau,  made  a  few  remarks. 

The  meeting  then  adjourned  to  another  room,  where  lunch  was  served. 

Richard  McCulloch,  Secretary. 


Civil  Engineers'   Society  of  St.  Paul. 


St.  Paul,  Minn.,  March  i,  1897. — The  regular  meeting  of  the  Civil 
Engineers'  Society  of  St.  Paul  was  called  to  order  at  the  usual  hour  by 
President  Hilgard. 

Fourteen  members  and  five  visitors  present.  Minutes  of  previous  meet- 
ing read  and  approved.      The  favorable  report  of  the  Committee  on  Im- 
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provement  of  the  Southwest  Pass  was  accepted,  and  the  Secretary  was  di- 
rected to  send  copy  of  same  to  the  Engineers'  Club  of  St.  Louis. 

The  following  standing  committees  were  named  by  the  President: 

Bridges:  A.  W.  Miinster  and  Max  Toltz. 

Hydraulics:  A.  W.  Miinster  and  George  L.  Wilson. 

Power  Plants:  A.  O.  Powell  and  O.  L.  Claussen. 

Publication:  C.  L.  Annan  and  E.  E.  Woodman. 

The  President  suggested  as  a  topic  for  the  immediate  consideration  of 
the  Committee  on  Bridges,  the  compatibility  of  beauty  and  strength  in 
structural  designs.  The  question  of  class  membership  was  discussed,  and 
the  matter  was  turned  over  to  Mr.  Woodman,  Mr.  Crosby  and  Mr.  W.  L. 
Darling  to  formulate  and  present. 

Mr.  Crosby  then  read  a  short  paper  on  a  "Device  for  Raising  Cars  up 
the  Selby  Avenue  Hill."  He  proposed  to  install,  underground  at  the  crest 
of  the  hill,  an  electric  motor  to  run  a  cable  trolley  in  a  conduit  from  which 
a  grappling  apparatus  should  project  upward  through  a  slot.  This  was  il- 
lustrated by  a  working  model.  The  cost  would  be  from  $20,000  to  $30,000, 
depending  on  the  permanence  of  the  work. 

The  substance  of  a  note  from  Mr.  Powell,  received  before  adjournment, 
was  laid  before  the  meeting. 

The  sympathy  of  the  members  was  tendered  Mr.  and  Mrs.  Archibald 
Johnson  in  their  bereavement,  and  Mr.  Powell  was  authorized  to  provide 
an  appropriate  floral  expression. 

C.  L.  Annan,  Secretary. 


Technical  Society  of  the  Pacific  ('oast. 


Regular  Meeting,  March  5,  1897. — Called  to  order  by  President 
}^Iolera. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  gentlemen  were  elected  to  membership:  G.  A.  Korn- 
berg,  mining  engineer,  of  San  Francisco;  W.  P.  Moore,  architect,  of  San 
Francisco;  A.  E.  Brooks  Ridley,  electrical  engineer,  of  San  Francisco. 

Application  for  membership  of  Edward  J.  Hewitt,  instructor,  of  619 
Capp  street,  San  Francisco,  proposed  by  A.  E.  Chodzko;  L.  A.  Buchanan 
and  J.  Richards,  referred  to  the  Board  of  Directors. 

The  President  stated  that  a  paper  had  been  procured  for  the  evening, 
but  that  the  author  had  been  obliged  to  leave  town  on  business,  and  could 
not  be  here  this  evening  to  read  his  paper. 

Mr.  George  W.  Dickie  spoke  of  the  advisability  of  having  topical 
questions  prepared  before  hand,  so  that  a  subject  might  always  be  an- 
nounced, when  there  is  no  set  paper  for  the  evening. 

The  following  topical  subjects  were  then  listed  as  agreed  upon  by  the 
society  for  the  ensuing  year: 

1.  Transmission  of  power  in  Manufacturing  establishments. 

2.  What  is  the  efficiency  of  large-sized  centrifugal  pumps? 

3.  The  efficiency  of  water  wheels. 

4.  Engineering  instruments,  modern  types  and  their  application  to 
engineering  field  work. 

5.  Modern  machine  shop  practice. 
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6.  California  building  materials. 

7.  High-building  construction  in  cities. 

8.  The  California  irrigation  law  and  its  practical  operation. 

Mr.  C.  E.  Grunsky  addressed  the  members  informally  on  the  subjects 
of  the  "Turlock  and  Modesto  Irrigation  District  Dam  and  Canal." 
Adjourned.  ' 

Otto  von  Geldern,  Secretary. 


William  Albei't  Allen.— A  3Ieinoir. 


By  H.  Bissell  and  E.  W.  Howe,  Committee  of  the  Boston  Society  of 

Civil  Engineers. 


[Read  January  27,  1897.] 
William  Albert  Allen,  the  eldest  son  of  Rev.  Charles  F.  and  Ruth  S. 
Allen,  was  born  at  Bath,  Me.,  October  18,  1852.     He  was  a  descendant,  in 
the  eighth  generation,  of  George  Allen,  who  was  born  in  England  in  1568, 
and  came  to  New  England  in  1635.     George  Allen's  grandson,  James  Al- 
len, was  one  of  the  original  proprietors  of  Martha's  Vineyard,  and  five 
generations  of  the  family  lived   on  that  island.     Rev.   Charles   F.   Allen, 
D.D.,  was  the  first  president  of  the  Maine  State  College,  and  for  over  fifty 
years  was  one  of  the  leading  clergymen  of  the  Methodist  Church  in  Maine. 
Mr.  Allen  attended  the  public  schools  of  Portland,  Eaton  School  at 
Morridgewock,   graduated   from   the   Bangor   High   School,    Kent's    Hill 
Seminary,  and  from  Maine  State  College,  where  in  1874  he  received  the  de- 
gree of  Civil  Engineer.     He  soon  after  entered  the  service  of  the  Maine 
Central  Railroad,  and  in  January,  1885,  was  appointed  chief  engineer,  which 
position  he  held  until  his  death,  March  21,  1896,  caused  by  falling  from  a 
train  crossing  the  Androscoggin  River  while  inspecting  repairs  which  were 
being  made  to  the  piers  of  the  bridge.     He  was  also  chief  engineer  of  the 
Portland  Union  Railway  Station  Company  from  the  commencement  until 
the  completion  of  the  work.     His  wife,  Ella,  daughter  of  Samuel  Rolfe, 
Esq.,  of  Portland,  Me.,  died  in  1895.     They  had  no  children. 

Mr.  Allen  was  elected  a  member  of  the  Boston  Society  of  Civil  Engi- 
neers April  15,  1885,  and  of  the  American  Society  of  Civil  Engineers  May 
6,  1891. 

Mr.  Allen's  high  natural  abilities  with  his  technical  education  made 
him  a  valuable  man  in  his  position.  He  won  and  held  the  respect  and  con- 
fidence of  the  oi^cials  and  men  on  the  road,  and  all  others  with  whom  he 
came  in  contact  to  an  unusual  degree.  On  the  excursion  of  the  American 
Society  of  Civil  Engineers  to  the  White  Mountains  in  1895,  Mr.  Allen,  as 
representative  of  the  M.  C.  R.  R.,  looked  after  the  interests  and  comfort  of 
the  party,  contributing  largely  to  the  pleasure  of  the  occasion,  yet  doing  it 
all  so  quietly  and  modestly  that  probably  many  were  unaware  of  his 
presence. 

One   of   his   associates    says    of   him:     "Beneath    an    unassuming   and 

modest  bearing,  behind  a  quiet  but  genial  manner  lay  a  respect  for  duty, 

and  a  keen  appreciation  of  the  finer  discriminations  of  business  honesty 

extending  to  the  minutest  detail  of  every  day  life.     His  unselfish  regard  for 

16 
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others,  his  constant  care  for  the  welfare  of  those  about  him  were  character- 
istics of  which  those  with  whom  he  came  in  contact  were  constantly  re- 
minded. In  many  ways  not  pertaining  strictly  to  his  own  department  of 
work,  Mr.  Allen  by  his  tact,  ready  pen  and  sound  judgment,  rendered  most 
valuable  service  to  the  Maine  Central  Railroad.  For  his  true  hearted  and 
manly  characteristics  among  men  of  affairs  throughout  the  State  of  Maine, 
Mr.  Allen  was  held  in  high  esteem,  and  his  sad  death  brings  real  sorrow 
to  a  wide  circle  of  representative  business  men  who  had  learned  to  regard 
him  as  one  of  the  most  conspicuous  of  the  younger  professional  men  of  the 
State." 


Boston  Society  of  Civil  Eusiiieers. 


February,  ly,  1897. — A  regular  meeting  of  the  Boston  Society  of  Civil- 
Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at  7.45  o'clock, 
p.  M.,  President  George  F.  Swain  in  the  chair.  Ninety-three  members  and 
visitors  were  present. 

The  record  of  the  last  meeting  was  read  and  ap- 
proved. 

Messrs.  William  G.  S.  Chamberlain,  Joseph  S. 
Craigue,  Frederick  H.  Cunningham,  Harry  A. 
Frink,  Herman  K.  Higgins,  Frank  P.  McKibben, 
George  M.  Warren,  and  Charles  E.  Wells  were 
elected  members  of  the  Society. 
J^W  The   thanks    of   the    Society    were   voted    to    the 

^l^f^,     ^  general  manager  of  the  Atlantic  Works,  to  the  agent 

I^^HLTL  ,      ,-        of  the  Furness  Line  of  steamers,  to  Captain  Knight, 
^^|k,4/  °^  ^^^^  steamship  "Borderer,"  and  to  the  president  of 

the    Simpson    Dry    Dock    Company,    for    courtesies 
shown  the  members  who  took  part  in  the  excursion  this  afternoon. 

Mr.  Woods  brought  to  the  attention  of  the  Society  the  recent  action  of 
the  Civil  Service  Commission  in  placing  municipal  engineers  under  civil 
service  rules,  and  on  motion  of  Mr.  Fitzgerald  it  was  voted  that  a  com- 
mittee of  three  be  appointed  by  the  President  to  ascertain  and  consider  the 
facts  in  regard  to  the  proposed  civil  service  rules  as  applied  to  municipal 
engineers,  and  report  what  action,  if  any,  it  is  advisable  for  the  Society  to 
take. 

The  President  appointed  as  members  of  that  committee,  Henry  Man- 
ley,  chairman;  Frederic  P.  Stearns  and  Frederick  Brooks. 

Mr.  Charles  W.  Sherman  then  read  the  first  paper  of  the  evening,  en- 
titled "The  100-foot  Standard  of  Length  at  Chestnut  Hill  Reservoir." 

The  paper  was  illustrated  by  lantern  slides,  and  was  discussed  by 
Messrs.  Burton,  Fitzgerald  and  Foss. 

The  second  paper  was  by  Mr.  R.  S.  Hale,  on  "European  Boiler  Prac- 
tice," and  was  very  fully  illustrated  by  lantern  slides.     It  was  discussed  by 
Mr.  Charles  T.  Main  and  Professor  I.  N.  Hollis,  and  in  a  communication 
from  Mr.  George  H.  Barrus,  which  was  read  by  the  Secretary. 
Adjourned. 

S.  E.  TiNKHAM,  Secretary. 
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Boston  Society  of  Civil  Engineers. 


Annual  Meeting,  March  17,  1897. — The  annual  meeting  of  the  Bos- 
ton Society  of  Civil  Engineers  was  held  in  Chipman  Hall,  Tremont  Tem- 
ple, Boston,  at  7.55  o'clock  p.m.  President  George  F.  Swain  in  the  chair. 
Eighty-three  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Irving  T.  Farnham,  Frederic  H.  Fay,  Clifford  Foss,  Leonard 
Metcalf,  William  Nelson,  Nathan  R.  Pratt,  and  William  E.  Stark  were 
elected  members  of  the  Society. 

The  annual  report  of  the  Board  of  Government  was  read  by  the  Secre- 
tary, accepted,  and  placed  on  file. 

The  annual  reports  of  the  Treasurer  and  the  Secretary  were  also  read, 
accepted,  and  placed  on  file. 

Prof.  Porter,  for  the  Committee  on  Weights  and  Measures,  presented 
the  report  of  that  committee,  which  was  accepted  and  placed  on  file. 

The  report  of  the  Committee  on  Excursions  was  presented  by  Mr. 
Knowles,  and  was  accepted  and  placed  on  file. 

Mr.  Doane  made  a  brief  report  for  the  Committee  on  Quarters,  which 
was  accepted. 

The  Librarian  read  the  annual  report  of  the  Committee  on  the  Library, 
and  supplemented  it  with  a  very  interesting  acount  of  the  catalogue  system 
used  in  the  library.     The  reports  were  accepted  and  placed  on  file. 

On  motion  of  Mr.  Manley,  the  thanks  of  the  Society  were  voted  to  the 
retiring  Librarian,  Mr.  Alfred  D.  Flinn,  for  his  arduous  and  painstaking 
labors  in  the  interest  of  the  Society  during  the  past  year. 

It  was  also  voted  that  the  question  of  printing  the  reports  of  the  several 
committees  be  referred  to  the  Board  of  Government  with  full  power. 

In  accordance  with  the  recommendation  in  the  report  of  the  Commit- 
tee on  the  Library,  the  sum  of  $50  was  appropriated  for  binding  and  other 
library  purposes. 

On  motion  of  Mr.  Rice,  the  Board  of  Government  was  authorized  to 
expend  a  sum  not  exceeding  $100  for  the  preparation  of  a  card  subject 
index  of  the  municipal,  state,  and  government  reports  in  the  library. 

The  committee  appointed  at  the  last  meeting  to  "consider  the  facts  in 
regard  to  the  proposed  civil  service  rules  as  applied  to-  municipal  engineers" 
submitted  the  following  report,  which  was  accepted  and  the  recommenda- 
tion adopted. 

The  committee  appointed  "to  ascertain  and  consider  the  facts  in  regard 
to  the  proposed  civil  service  rules  as  applied  to  municipal  engineers  and  to 
report  at  a  future  meeting  what  action,  if  any,  is  desirable  for  the  Society  to 
take,"  have  attended  to  that  duty  and  report  as  follows: 

The  Civil  Service  Commissioners  of  Massachusetts  have  adopted  rules 
including  within  the  classified  civil  service  of  the  State,  "civil  engineers, 
draughtsmen,  transitmen,  levelers,  chainmen,  rodmen,  and  all  assistants 
under  whatever  designation  except  laborers,  employed  in  any  city  of  the 
Commonwealth  or  in  any  town,  accepting  the  provisions  of  Chapter  267,  of 
the  Acts  of  1894,"  which  action  was  confirmed  by  the  Governor  and  Coun- 
cil on  December  3,  1896,  and  said  rules  went  into  effect  on  February  15, 
1897. 
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The  municipalities  affected  by  this  action  at  this  time  include  all  the 
cities  of  the  State  and  the  town  of  Brookline. 

The  Commissioners  have  not  yet  formulated  any  classification  of  en- 
gineers beyond  that  stated  in  the  rules  above  quoted,  no  examinations  have 
yet  beeri  held,  and  the  detailed  arrangements  for  such  examinations  have 
not  yet  been  concluded. 

Your  committee  have  the  assurance  of  the  Commission  that  the  aid  of 
the  Society  in  completing  the  arrangements  for  carrying  the  rules  into 
effect  will  be  welcomed  by  them,  and  believing  that  the  Society  can  thereby 
be  of  service  to  its  members,  unanimously  recommends  that  a  standing 
■committee  to  consist  of  five  members  be  appointed  by  the  Board  of  Gov- 
ernment, to  be  called  the  Committee  on  Municipal  Civil  Service,  with  au- 
thority to  represent  the  Society  in  all  matters  affecting  the  interests  of  its 
members  in  connection  with  the  classified  municipal  civil  service  in  the 
Commonwealth  of  Massachusetts. 

Henry  Manley, 
Frederic  P.  Stearns, 
Fred.  Brooks. 

Mr.  Stearns  moved  to  refer  to  the  Board  of  Government,  with  full 
powers,  the  question  of  continuing  the  several  special  committees  of  the 
Society  and  the  selection  of  the  members  thereof.  Mr.  A.  H.  Rowland 
opposed  at  considerable  length  the  continuation  of  the  Committee  on 
Weights  and  Measures  and  criticised  severely  its  work  during  the  past  year. 
The  motion  of  Mr.  Stearns  was,  however,  adopted. 

Mr.  James  Francis,  in  a  short  and  reminiscent  address,  presented  to  the 
Society  an  excellent  crayon  portrait  of  his  father,  the  late  James  B.  Francis, 
fourth  President  of  the  Society.  President  Swain,  in  a  few  appropriate 
remarks,  accepted  the  gift,  and  on  motion  of  Mr.  Doane,  the  thanks  of  the 
Society  were  voted  to  Mr.  Francis  for  his  valued  gift. 

Messrs.  F.  O.  Whitney  and  H.  B.  Wood,  the  tellers  of  the  election, 
submitted  the  result  of  the  letter-ballot  for  officers.  There  being  no  elec- 
tion for  Vice-President  and  Director  by  letter-ballot,  the  meeting  proceeded 
to  choose  these  officers  from  the  two  candidates  for  each  office  having  the 
highest  number  of  letter-ballots. 

The  President  announced,  as  the  result  of  the  balloting,  the  election  of 
the  following  officers: 

President — Dexter  Brackett. 

Vice-President  (for  two  years) — C.  Frank  Alien. 

Secretary— S.  Everett  Tinkham. 

Treasurer — Edward  W.  Howe. 

Librarian — William  B.  Fuller. 

Director  (for  two  years) — Dwight  Porter. 

President  George  F.  Swain  then  delivered  the  address  of  the  retiring 

President. 

Adjourned. 

S.  E.  Tinkham,  Secretary. 


Annual  Report  of  the  Board  of  Government  for  the  Year  1896-97. 
To  the  Members  of  the  Boston  Society  of  Civil  Engineers: — 

In  compliance  with  the  provisions  of  the  Constitution,  the  Board  of 
Government  submits  the  report  for  the  year  ending  March  17,  1897. 
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Ten  regular  meetings  and  one  special  meeting  have  been  held  during 
the  year,  and  the  fifteenth  annual  dinner  of  the  Society  was  given  at  the 
Hotel  Brunswick  on  March  9,  1897.  The  aggregate  attendance  of  members 
and  visitors  at  the  regular  and  special  meetings  was  1,474,  an  average  of  134, 
the  smallest  being  42  and  the  largest  318.  The  number  present  at  the 
annual  dinner  was  150. 

The  following  papers  and  lectures  have  been  read  at  the  several  meet- 
ings: 

March.  1896. — Address  of  President  Albert  F.  Noyes.  "Preservation 
of  the  Bulfinch  Front  of  Massachusetts  State  House,"  by  H.  A.  Phillips. 

April,  1896. — "Riveted  Joints,"  by  J.  R.  Worcester. 

May,  1896. — "One  Month  in  Aztec  Land,"  by  Fred.  Vincent  Fuller 
(illustrated). 

June,  1896. — "History  of  Stone  Bridges,"  by  President  Geo.  F.  Swain 
(illustrated). 

September,  1896. — "Recent  Practice  in  Railroad  Signalling,"  by  Geo. 
W.  Blodgett. 

October,  1896. — "Brief  Account  of  Topographical  Work  on  Mr.  Geo. 
W.  Vanderbilt's  North  Carolina  Estate,"  by  John  L.  Howard.  "Topo- 
graphical Surveys  of  the  Metropolitan  Park  Reservations  of  Massachu- 
setts," by  Henry  F.  Bryant.     "Memoir  of  James  H.  Stanwood." 

November,  1896. — "The  Tampico  Harbor  Works,  Mexico,"  by  E.  L. 
Corthell  (illustrated). 

December,  1896. — "Sewer  Assessments,"  by  F.  Herbert  .Snow.  "Me- 
moir of  Forrest  L.  Libbey." 

January,  1897  (special). — "An  Account  of  Last  Summer's  Expedition 
to  Umanak  Fjord,  West  Greenland,"  by  Prof,  Alfred  E.  IBurton  (illus- 
trated). 

January,  1897. — "Various  Inventions  and  Devices  for  Building  Tunnels 
and  Passageways  under  Rivers  and  Other  Bodies  of  Water,"  by  H.  A.  Car- 
son (illustrated).     "Memoirs  of  William  A.  Alien  and  Albert  F.  Noyes." 

February.  1897- — "The  loo-ft.  Standard  of  Length  at  Chestnut  Hill 
Reservoir,"  by  Charles  W.  Sherman  (illustrated).  "European  Boiler  Prac- 
tices," by  R.  S.  Hale  (illustrated). 

At  the  annual  meeting  a  year  ago,  the  total  membership  of  the  Society 
was  389,  of  which  381  were  members,  4  honorary  members,  and  4  associ- 
ates. 

During  the  past  year  we  have  lost  12  members;  4  by  death,  i  by  resig- 
nation, and  7  by  forfeiture  for  non-payment  of  dues. 

There  have  been  added  to  the  Society  during  the  year  59  members;  56 
members  have  been  elected  by  the  Society,  and  3  former  members  have 
been  reinstated  by  the  Board  of  Government.  Two  others  have  been 
elected,  but  have  not  as  yet  accepted  membership.  Our  present  member- 
ship consists  of  5  honorary  members,  4  associates,  and  427  members;  a  total 
of  436,  an  increase  for  the  year  of  47.  Past  President  George  L.  Vose  has 
been  made  an  honorary  member. 

The  record  of  deaths  for  the  year  is  as  follows: 

William  A.  Allen,  died  March  21,  1896. 
Waterman  Stone,  died  March  30,  1896. 
James  H.  Stanwood,  died  May  24.  1896. 
Albert  F.  Noyes,  died  October  12,  1896. 
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The  informal  meetings  of  the  Society  have  been  continued  during  the 
year.  The  attendance  at  several  of  these  meetings  held  this  winter  in  the 
new  library  has  been  fully  equal  to  the  capacity  of  the  room. 

The  subjects  discussed  have  been  as  follows: 

March  25,  1896. — "Topographical  and  Other  Work  on  the  Vanderbilt 
Estate  at  Biltmore,  N.  C,"  by  J.  L.  Howard. 

April  I,  1896. — "Construction  of  Water  Street  Sewer,  Lawrence,"  by 
A.  D.  Marble. 

December  i,  1896. — "Boston  Subway,"  by  H.  A.  Carson. 

December  9,  1896. — "Civil  Engineering  Work  of  the  West  End  Street 
Railway,  Boston,"  by  A.  L.  Plimpton. 

December  30,  1896. — Some  Problems  in  Railroad  Signalling  and  Elec- 
tric Locking."  by  George  W.  Blodgett. 

January  6,  1897. — "Some  Details  of  Street  Construction  in  Boston,"  by 
Henry  Manley. 

February  3,  1897. — "Metropolitan  Water  Supply,"  by  F.  P.  Stearns. 

February  10,  1897. — "Railroad  Stations,"  by  J.  P.  Snow. 

February  24,  1897.— "Sewage  Disposal,"  by  Allen  Hazen. 

March  3,  1897. — "High-Service  Water  Supply,  Lawrence,"  by  A.  D. 
Marble. 

At  the  time  of  the  last  annual  report, 'we  were  preparing  to  take  pos- 
session of  our  new  quarters,  with  which  you  are  now  so  familiar.  The 
first  meeting  in  Tremont  Temple  was  held  May  20,  1896,  and  we  are  now 
provided  with  commodious  and  convenient  quarters  for  our  library,  as  well 
as  with  a  proper  hall  for  our  meetings.  The  fitting  and  furnishing  of  the 
new  rooms  were  paid  for  by  means  of  a  subscription  amounting  to  $821, 
which  was  received  from  members  of  the  Society.  The  thanks  of  the 
Society  are  due  to  the  committee  that  so  efficiently  superintended  the  work 
of  furnishing. 

The  acknowledgments  of  the  Society,  as  well  as  of  the  Board  of  Gov- 
ernment, are  due  to  the  retiring  Librarian,  Mr.  Alfred  D.  Flinn,  who  has 
given  a  great  deal  of  time  during  the  last  year  to  the  work  of  arranging 
and  marking  the  books  and  preparing  a  card  catalogue  of  them.  The  de- 
tails with  regard  to  this  work  are  given  in  his  report.  Our  library  is  now 
more  available  and  in  better  working  condition  than  it  has  ever  been 
before.. 

The  Society  has  lost  some  valued  members  by  death  during  the  past 
year.  The  most  prominent  among  these  was  our  beloved  ex-President, 
Albert  F.  Noyes,  whose  influence  in  the  Society  was  always  for  good,  and 
whose  cheerful  spirit  and  willing  hand  will  long  be  missed.  The  Board  of 
Government  desires  to  place  on  record  here  its  sense  of  the  deep  loss  which 
the  Society  has  sustained,  and  of  its  respect,  admiration,  and  love  for  him 
who  has  gone  before.  At  one  of  the  recent  meetings  of  the  Society,  an 
excellent  picture  of  Mr.  Noyes  was  presented  to  the  Society  by  a  number 
of  our  members,  the  speech  of  presentation  being  made  by  Mr.  FitzGer- 
ald.  This  picture  now  hangs  with  those  of  other  deceased  presidents  in  the 
rooms  of  the  Society,  and  we  are  sure  that  the  memory  of  the  original  will 
long  be  kept  green  among  us. 

During  the  past  year  the  annual  dues  of  the  Society  have  been  in- 
creased from  $7  to  $8,  for  residents,  and  $4  to  $5,  for  non-residents.     This 
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increase  will  provide  a  welcome  addition  to  the  funds  of  the  Society,  and 
will  enable  us  to  meet  our  increasing  expenses,  and  at  the  same  time  add 
to  the  interest  of  our  meetings  and  convenience  of  our  quarters.  The 
Board  of  Government  congratulates  the  Society  on  the  completion  of 
another  prosperous  year. 

Respectfully  submitted  for  the  Board  of  Government. 

Geo.  F.  Swain,  President. 


Abstract  of  the  Treasurer's  and  Secretary's  Reports  for  the  Year 

1896-97. 

current  fund. 
Receipts: 

Dues  from  new  members  $317.00 

Dues   for  year   1896-97 2,730.00 

Dues   for  year   1895-96 7.00 

Dues  for  year   1897-98 18.00 

Dues   for  year   1887-88 6.00 

Rent  of  rooms 687.50 

Sale  of  old  book  cases 25.37 

Return  premium  on  insurance 4.78 

Fines  on  books  in  library .19 

Cash  at  beginning  of  year 96.76 

$3,892.60 

Expenditures : 

Rent    $1,552.55 

Association  of  Engineering  Societies 1,250.25 

Printing  and  postage 278.10 

Secretary's  salary 200.00 

Annual  dinners  of  1896  and  1897 175.20 

Periodicals  and  binding 151.30 

Incidentals    86.92 

Stereopticon 66.55 

Lighting  rooms 25.62 

Cash  on  hand 106. 1 1 

$3,892.60 

permanent  fund. 

Receipts : 

Fifty-six  entrance  fees $560.00 

Shares  of  Merchants  Co-operative  Bank,  retired 227.18 

Subscription  to   Building  Fund 50.00 

Interest  and  dividends 135-96 

On  hand  at  beginning  of  year 2,099.56 

^  $3,072.70 

Expenditures: 

Deposit  in  Provident  Institution  for  Savings $1,025.15 

Deposit  in  Boston  5c.  Savings  Bank 1,010.00 

Dues  on  shares  in  Merchants  Co-operative  Bank 308.00 

Dues  on  shares  in  Workingmen's  Co-operative  Bank...  300.00 

Dues  on  shares  in  Volunteer  Co-operative  Bank 300.00 

Cash  on  hand  uninvested 129.55 

$3-072.70 
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FUND  FOR  FURNISHING  ROOMS. 

On  hand  at  beginning  of  year $300.00 

Received  from  subscriptions 521.00 

$821.00 

Expended  for  furnishing  rooms $821.00 

PROPERTY    BELONGING   TO    THE    PERMANENT   FUND,    MARCH    IJ ,    1897: 

One  Republican  Valley  Railroad  bond  (par  value) $600.00 

9  shares  C,  B.  and  Q.  R.  R.  stock  (par  value) 900.00 

25  shares  in  Merchants'  Co-operative  Bank 2,806.18 

25  shares  in  Workingmen's  Co-operative  Bank 581.50 

25  shares  in  Volunteer  Co-operative  Bank 547-00 

Deposit  in  Provident  Institution  for  Savings 1,025.15 

Deposit  in  Boston  5c.  Savings  Bank 1,010.00 

Cash  on  hand 129.55 

$7,599.38 

Amount  belonging  to  permanent  fund  March  18.  1896 $6,640.21 

Increase  during  the  year $959-17 


Report  of  Committee  on  Excursions. 

Boston,  March  17,  1897. 
To  the  Members  of  the  Boston  Society  of  Civil  Engineers: — 

The  Society  has  made  the  following  excursions  during  the  past  year: 

April  IS,  1896. — Quincy  Market  Cold  Storage;  attendance,  30. 

May  20,  1896. — Boston  Subway;  attendance,  75. 

June  17.  1896. — Dam  and  Basin  V,  Metropolitan  Water  Works,  South- 
boro;  attendance,  35. 

September  16,  1896. — Elevating  Tracks,  Providence  Div.  N.  Y.,  N.  H. 
and  H.  R.  R.;  attendance,  35. 

November  18,  1896. — Works  of  the  Geo.  F.  Blake  Mfg.  Co.;  attend- 
ance, 4. 

December  30,  1896. — Railroad  Terminals  and  other  works  at  Provi- 
dence, R.  I.;  attendance,  75. 

January  27,  1897. — Boston  Subway;  attendance,  500. 

February  17,  1897. — Atlantic  Works  and  Simpson  Dry-dock;  attend- 
ance, 35. 

March  17,  1897. — Grade  Crossing  Work  at  Newton;  attendance,  50. 

Average  attendance,  93.  But  leaving  out  the  visit  to  the  Blake  Pump 
Works,  which  was  unusually  small,  and  that  to  the  Subway,  which  was  un- 
usually large,  the  average  attendance  was  48. 

The  committee  beg  leave  to  ofifer  the  suggestion  that  it  is  not  wise  to 
attempt  to  provide  an  excursion  for  every  meeting  of  the  Society.  There 
have  been  so  many  excursions  in  times  past  that  it  now  becomes  a  difficult 
matter  to  arrange  an  excursion  which  \\\\\  be  of  general  interest  without 
going  to  inconvenient  distances.  This  committee  has  followed  what 
seemed  to  be  the  precedent  of  trying  to  provide  an  excursion  for  each  meet- 
ing, but  think  that  next  year's  committee  should  be  given  to  understand 
that  this   is   not  expected   of  them,   and   that  if  an   excursion   cannot  be 
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planned  to  some  point  or  work  of  general  interest,  they  should  feel  at  lib- 
erty to  omit  it  for  that  meeting. 

It  is  embarrassing  to  the  committee,  unjust  to  the  parties  whom  we 
propose  to  visit  and  who  may  take  considerable  pains  to  entertain  us,  and 
we  think  not  very  creditable  to  the  Society,  to  have  but  a  very  small  num- 
ber respond.  Therefore  the  committee  is  of  the  opinion  that  it  would  be 
better  policy  to  arrange  fewer  excursions  and  those  to  points  of  general 
interest  where  the  committee  may  be  sure  of  a  large  attendance. 

For  the  committee. 

,E.  S.  Dorr,  Chairman. 


Report  of  Committee  on  Weights  and  Measures. 

March  17,  1897. 
To  the  Boston  Society  of  Civil  Engineers: — 

Gentlemen: — Your  Committee  on  Weights  and  Measures  has  not  been 
called  upon  for  any  specific  action  during  the  year,  but  begs  to  present 
some  further  statements  in  the  line  of  its  report  of  a  year  ago.  At  that 
time  a  bill  was  before  Congress  (H.  R.  2758),  which  had  been  introduced 
in  the  House  by  Mr.  Hurley  in  December,  1895,  and  which  provided  that 
from  July  i,  1897,  the  metric  system  only  should  be  used  by  all  departments 
of  the  Government,  and  from  July  i,  1899,  it  should  be  the  only  legal  sys- 
tem of  weights  and  measures  recognized  in  the  United  States. 

This  bill  was  considered  in  the  Committee  on  Coinage,  Weights  and 
Measures,  and  a  substitute  bill  (H.  R.  7251,  Report  No.  795)  was  unani- 
mously reported  to  the  House  March  16,  1896.  This  bill  excepted  the  pub- 
lic land  surveys  from  its  provisions  and  made  the  date  for  the  adoption  of 
the  metric  system  by  Government  Departments  July  i,  1898,  and  for  its 
legal  recognition  throughout  the  United  States  January  i,  1901. 

In  April  a  motion  to  order  this  bill  to  engrossment  and  a  third  read- 
ing was  successfully  opposed  in  the  House  and  failed  by  a  vote  of  65  to  80. 

The  bill  was  re-committed  to  the  Committee  on  Coinage,  Weights,  and 
Measures,  which  on  February  10,  1897,  reported  it  back  again,  amended 
so  as  to  extend  the  date  for  the  adoption  of  the  system  in  Government  De- 
partments to  July  I,  1900,  and  for  general  recognition  to  January  i,  1903. 
The  bill  and  accompanying  report  were  referred  to  the  House  Calendar, 
which  statement  brings  the  history  of  this  measure  down  to  the  present 
time. 

This  bill  does  not  at  all  propose  to  make  the  use  of  the  metric  system 
compulsory  on  the  part  of  the  people,  but  only  to  establish  it  as  a  legal 
standard  to  which  reference  can  be  made  in  case  of  dispute,  or  for  any 
other  proper  purpose.  The  proposed  action  is  similar  to  that  of  the  Gov- 
ernment when  it  established  a  legal  system  of  coin  and  currency  denomi- 
nations, the  use  of  which  it  actually  forced  upon  no  one. 

In  its  report  the  Committee  on  Coinage,  Weights,  and  Measures  stated 
that  petitions  favoring  the  passage  of  the  bill  had  been  received  from  all 
parts  of  the  country  and  from  men  in  all  vocations.  Among  these  were 
represented  the  Engineers'  Club  of  Philadelphia,  the  Association  of  Amer- 
ican Steel  Manufacturers,  the  faculties  of  twenty-seven  colleges  in  sixteen 
different  States,  and  various  State  educational  associations. 

It  should  be  said  that  the  action  of  the  Engineers'  Club  of  Philadelphia 
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in  favoring  the  bill  was  taken  only  after  a  lively  discussion  and  a  letter 
ballot,  the  latter  resulting  in  a  vote  of  lOO  for,  and  60  against,  the  ap- 
proval of  the  bill  by  the  Club. 

In  January,  1897,  the  Illinois  Society  of  Engineers  and  Surveyors,  at 
its  annual  convention,  endorsed  the  adoption  of  the  metric  system. 

On  the  other  hand,  the  Master  Mechanics  and  Car  Builders'  Associa- 
tions, at  their  meetings  in  June,  1896,  adopted  resolutions  protesting 
against  the  bill  then  before  Congress. 

Abroad,  England  and  Russia  are  substantially  the  only  prominent 
nations  which  are  non-metric,  and  it  is  evident  that  in  England  the  metric 
system  is  rapidly  gaining  in  favor.  The  New  Decimal  Association  of  Eng- 
land publishes  a  list  of  organizations  which  have  formally  approved  that 
system,  including  twenty-nine  town  councils,  eighteen  trades  councils, 
twenty-nine  town  school  boards,  thirty-nine  chambers  of  commerce  (in- 
cluding those  of  London,  Liverpool,  Birmingham,  Sheffield,  etc.),  and 
between  forty  and  fifty  other  associations,  thoroughly  representative  in 
character  and  largely  including  in  their  membership  retailers,  who  might 
be  supposed  to  be  especially  affected  by  the  change  of  standards. 

Your  committee  has  no  recommendation  to  make  calling  for  formal 
action  on  the  part  of  this  Society  with  reference  to  the  metric  system,  but 
would  urge  upon  the  members  individually  a  careful  consideration  of  this 
question  in  its  present  stage.  It  would  call  attention  to  the  opinion  ex- 
pressed by  the  late  President  Roberts,  of  the  Pennsylvania  Railroad,  who, 
in  favoring  the  bill  to  which  reference  has  here  been  made,  said:  "I  am 
heartily  in  accord  with  the  efforts  to  establish  a  metric  system  of  weights 
and  measures  for  our  country.  It  is  only  a  want  of  knowledge  on  the  part 
of  the  general  public  of  what  the  adoption  of  such  a  system  means,  in  sim- 
plifying everything  that  depends  upon  weights  and  measures  in  our  coun- 
try, that  I  am  sure  prevents  the  measure  being  more  heartily  seconded  by 
the  public.  After  it  is  once  adopted  it  would  be  ten  times  more  difficult  to 
get  the  public  to  return  to  the  present  system  than  it  is  at  present  to  get 
them  to  change  to  the  metric." 

Respectfully  submitted, 

Chas.  T.  Main, 
Allen  Hazen, 
DwiGHT   Porter, 
Committee  on  Weights  and  Measures. 
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A  SPECIAL  meeting  of  the  society  was  held  in  its  rooms,  in  the  Mer- 
chants' National  Bank  Building,  Helena,  March  29,  1897.  Meeting  called 
to  order  at  8  p.m.,  Vice-President  A.  E.  Gumming  in  the  chair.  There  was 
a  large  attendance  of  members,  county  surveyors,  and  guests.  Among  the 
latter  were  several  members  of  the  last  Legislative  Assembly.  The  min- 
utes of  the  last  meeting  were  read  and  approved.  The  applicants  for  mem- 
bership were  Benjamin  Bond,  Donald  Bradford,  and  E.  M.  Wardwell. 
The  Secretary  stated  that  the  Helena  Free  Public  Library  and  the  Butte 
Free  Public  Library  had  been  placed  upon  the  mailing  list  for  the  Journal 
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OF  THE  Association  of  Engineering  Societies,  with  back  numbers  from 
the  middle  of  the  year  of  1888;  that  the  society  desired  to  place  the  Journal 
in  other  important  public  libraries  in  the  State,  and  the  Secretary  was  in- 
structed to  send  notice  to  members  that  all  those  who  wished  to  contribute 
Journals  for  this  purpose,  to  please  send  the  same  to  him  to  be  distrib- 
uted. A  vote  of  thanks  was  tendered  Hon.  G.  A.  Brufify  and  other  mem- 
bers of  the  Fifth  Legislative  Assembly  of  the  State  of  Montana,  who  were 
instrumental  in  procuring  the  passage  of  the  new  road  law,  and  to  Hon. 
Lee  Word,  attorney-at-law,  who  spent  much  time  in  framing  the  bill. 
Much  discussion  ensued  upon  the  County  Surveyors'  Convention,  which 
was  to  meet  on  the  following  day.  A  paper  was  received  from  M.  S. 
Parker,  of  Great  Falls,  to  be  read  before  the  convention.  Hon.  Lewis 
Penwell,  of  the  last  Legislative  Assembly,  was  appointed  a  committee  of 
one  to  prepare  an  opinion  upon  the  road  law  to  present  at  the  convention. 
The  new  road  law,  which  is  materially  different  from  any  other  road  law 
in  the  United  States,  inasmuch  as  it  places  the  construction  and  mainte- 
nance of  roads  and  bridges  entirely  under  the  supervision  of  county  sur- 
veyors, was  then  read  and  thoroughly  discussed.  The  introduction  of 
this  law  was  largely  through  the  instrumentality  of  the  Montana  Society 
of  Engineers,  and  is  as  follows: — 

An  Act  to  Define  the  Powers  and  Duties  of  County  Surveyors,  and 
to  Provide  for  their  Compensation,  and  to  Abolish  the  Office  of  Road 
Supervisor. 

Be  it  enacted  by  the  Legislative  Assembly  of  the  State  of  Montana: — 

Section  i.  It  shall  be  the  duty  of  the  County  Surveyor  of  each  county 
of  the  State  to  divide  his  county  into  suitable  road  districts,  of  such  size 
and  form  as  he  shall  deem  best  for  the  purpose  of  carrying  out  the  provi- 
sions of  this  act;  to  define  each  and  every  public  highway  in  his  county, 
and  file  with  the  county  clerk  maps  of  all  such  roads  of  which  no  maps  are 
already  on  file,  and  to  open  or  cause  to  be  opened  all  public  highwaj^s 
which  have  been  or  which  may  hereafter  be  laid  out  and  established  accord- 
ing to  law,  and  to  survey  and  properly  define  the  same;  to  take  charge  of 
the  highways  within  his  county,  and  to  keep  them  clear  from  obstructions 
and  in  good  repair;  to  cause  banks  to  be  graded,  bridges  and  causeways 
to  be  made  when  necessary,  to  keep  the  same  in  good  repair  and  renew 
them  when  destroyed;  to  make  or  cause  to  be  made  all  plans  and  speci- 
fications for  each  and  every  bridge  and  road  hereafter  to  be  built  or  con- 
structed, and  to  examine  and  report  to  the  Board  of  County  Commission- 
ers of  his  county  on  all  work  when  completed,  and  if  said  work  is  properly 
done  according  to  the  plans,  specifications,  and  contract,  then  said  County 
Surveyor  shall  draw  his  voucher  for  the  same,  and  if  said  work  was  done 
under  contract,  then  a  copy  of  such  contract  shall  accompany  such  voucher; 
to  do  and  perform  such  other  duties  as  are  hereinafter  provided  in  this  act. 

Section  2.  Any  ten  residents  of  a  road  district  may  petition,  in  writing, 
the.  County  Surveyor  of  the  county  to  alter  or  discontinue  any  highway  or 
to  lay  out  a  new  highway  therein.  On  receipt  of  a  petition  to  alter,  dis- 
continue, or  lay  out  a  new  road  within  his  county,  as  is  provided,  it  shall 
be  the  duty  of  the  County  Surveyor  of  the  county  to  send  two  notices  to 
one  of  said  petitioners  to  post,  which  notices  are  to  be  posted,  one  at  the 
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beginning  and  one  at  the  termination  of  the  road  which  it  is  proposed  to 
alter,  discontinue,  or  lay  out,  and  the  County  Surveyor  shall  post  a  like 
notice  at  the  door  of  the  county  clerk's  office  of  said  county.  Each  of  said 
notices  shall  contain  a  description  of  the  route  of  the  road  which  it  is 
proposed  to  alter,  discontinue,  or  lay  out,  and  shall  state  the  place  of  begin- 
ning of  the  same  and  the  terminus  thereof.  The  chairman  of  the  Board 
of  County  Commissioners,  upon  three  days'  notice  from  the  County  Sur- 
veyor, shall  name  one  person  to  act  as  viewer  of  said  road  in  behalf  of 
said  board,  and  such  person  shall  be  notified  by  registered  mail  by  the 
County  Surveyor  to  present  himself  at  the  place  of  beginning  of  said  road 
at  the  time  stated  in  said  notice,  to  view  said  road,  in  company  with  the 
County  Surveyor  and  one  of  the  petitioners  for  said  road,  who  shall  have 
been  duly  appointed  a  viewer  by  the  County  Surveyor,  and  notified  in  like 
manner.  Before  beginning  the  view  of  any  road,  the  County  Surveyor 
shall  require  sworn  proof  of  the  posting  of  the  notices  herein  provided  for, 
and  all  notices  shall  be  given  at  least  ten  and  not  more  than  forty  days 
before  the  viewing  of  any  road  is  made. 

Section  3.  After  said  viewers,  chosen  as  above  provided,  have  been 
sworn,  they  shall  proceed  to  view  the  road  which  it  is  proposed  to  alter, 
lay  out,  or  discontinue.  If  the  petition  asks  for  the  laying  out  of  a  new 
road,  and  after  having  viewed  said  proposed  road  said  viewers  approve  of 
the  same,  they  shall  immediately  survey  said  proposed  road,  the  County 
Surveyor  to  be  assisted  by  the  other  viewers  in  the,  making  of  such  survey. 

Section  4.  In  case  any  person  appointed  as  a  viewer  as  above  pro- 
vided, for  any  reason,  be  unable  to  assist  in  the  viewing-  or  in  the  surveying 
of  any  road,  then  and  in  such  case  the  County  Surveyor  and  the  remaining 
viewer  may  appoint  some  other  suitable  person  to  assist  them  in  the  per- 
formance of  their  duties. 

Section  5.  All  roads  hereinafter  contracted  shall  be  sixty  feet  wide, 
unless  otherwise  determined  by  the  board  of  viewers  viewing  the  same  and 
approved  by  the  Board  of  County  Commissioners. 

Section  6.  The  County  Surveyor  shall  be  chairman  of  all  boards  of 
viewers,  and  shall  keep  a  full  and  accurate  account  of  the  proceedings  of 
all  such  boards,  and  of  all  roads  altered  or  discontinued,  and  of  all  roads 
laid  out,  naming  the  same,  and  shall  give  the  place  of  beginning  and  length 
of  all  proposed  roads,  and  how  they  are  defined,  their  marks  and  corners, 
the  grades,  the  character  of  ground,  the  land  or  premises  over  or  through 
which  any  proposed  road  is  to  pass,  the  damages  (if  any)  to  the  owner  of 
the  land  over  which  the  proposed  road  is  to  run,  who  acted  with  him  as 
viewer,  day  or  days  engaged  in  viewing  road,  with  all  dates,  together  with 
the  proof  of  posting  of  notices,  all  of  which  the  County  Surveyor  shall 
report  to  the  Board  of  County  Commissioners,  together  with  any  sugges- 
tions as  to  the  advisability  of  altering,  discontinuing,  or  laying  out  any 
proposed  road,  and  with  an  estimate  of  the  probable  cost  of  the  same. 
This  report  will  be  made  within  fifteen  days  after  the  view  of  any  road  is 
had,  as  herein  provided,  and  all  such  proceedings  to  view,  lay  out,  discon- 
tinue, or  alter  any  road  shall  be  submitted  to  the  Board  of  County  Com- 
missioners, and  must  be  approved  or  rejected  by  them. 

Section  7.     The  County  Surveyor  shall  be  the  general  superintendent 
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of  all  roads  within  his  county  and  of  the  construction  and  alteration  of  all 
roads  hereafter  built  or  altered,  and  of  all  other  work  required  to  be  done 
bj-  him. 

Section  8.  The  Countj'  Surveyor  shall  have  power  to  employ  suitable 
laborers,  teams,  and  implements  in  the  performance  of  any  work  required 
to  be  done  by  him  under  the  provisions  of  this  act,  and  to  appoint  some 
person  as  manager  of  such  work,  who  shall  at  all  times  be  under  the  orders 
and  control  of  the  surveyor  of  roads,  and  to  receive  labor  in  payment  of 
the  special  road  tax,  as  is  by  law  provided.  But  no  person  employed  as 
manager  shall  receive  more  than  three  dollars  per  day,  and  no  such  man- 
ager shall  have  less  than  five  men  under  his  direction  at  one  time,  except 
in  the  case  of  an  obstruction,  when,  if  necessary,  a  greater  or  less  number 
than  five  men  may  be  employed,  and  shall  not  expend  in  money  or  labor, 
or  both,  to  exceed  the  sum  of  one  hundred  dollars  without  an  order  from 
the  chairman  of  the  County  Commissioners. 

Section  9.  The  County  Surveyor  shall  have  power  to  contract  for  the 
performance  of  any  work  required  to  be  done  by  him,  the  cost  of  which  shall 
not  exceed  in  all  the  sum  of  one  hundred  dollars;  and  for  doing  or  perform- 
ance of  any  work  required  to  be  done  by  him,  the  cost  of  which,  when 
completed,  shall  exceed  the  sum  of  one  hundred  dollars,  the  County  Sur- 
veyor shall  have  power  to  contract,  with  the  approval  of  a  majority  of  the 
Board  of  County  Commissioners  of  his  county. 

Section  10.  The  County  Surveyor  shall  at  the  close  of  each  quarter 
make  to  the  Board  of  County  Commissioners  of  his  county  an  accurate 
and  concise  report  of  all  roads  and  bridges,  and  of  their  condition  and 
needs. 

Section  11.  The  County  Surveyor  shall  at  all  times  keep  himself  in- 
formed as  to  the  amount  of  money  on  hand  and  available  in  the  general 
road  fund,  and  at  no  time  shall  he  exceed  such  amount  without  the  consent 
of  the  Board  of  County  Commissioners. 

Section  12.  The  County  Surveyor  shall  keep  a  record  of  all  surveys 
made  or  caused  to  be  made  by  him,  and  shall  send  a  full  report  of  each 
survey,  together  with  the  field  notes  and  plan  of  the  same  to  the  Board  of 
County  Commissioners  of  his  county,  to  be  recorded  in  the  book  provided 
for  the  keeping  of  records  of  roads. 

Section  13.  The  County  Surveyor  of  each  county  shall  receive  as  full 
compensation  for  the  performance  of  his  duties  as  County  Surveyor  in 
connection  with  the  roads  and  otherwise  the  sum  of  five  dollars  per  day; 
provided,  that  said  compensation  shall  not  exceed, 

In  counties  of  the  eighth  class,  seven  hundred  and  fifty  dollars; 

In  counties  of  the  seventh  class,  eight  hundred  dollars; 

In  counties  of  the  sixth  class,  one  thousand  dollars; 

In  counties  of  the  fifth  class,  twelve  hundred  dollars; 

In  counties  of  the  fourth  class,  fourteen  hundred  dollars; 

In  counties  of  the  third  class,  sixteen  hundred  dollars; 

In  counties  of  the  second  class,  eighteen  hundred  dollars; 

In  counties  of  the  first  class,  two  thousand  dollars. 
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Said  compensation  to  be  paid  quarterly  by  the  Board  of  County  Com- 
missioners after  the  accounts  of  said  surveyor  have  been  examined  and 
approved  by  said  board,  and  said  surveyor  must,  before  the  Commissioners 
shall  issue  any  warrants  for  any  services  rendered  under  this  act,  file  with 
the  said  board  an  itemized  account  under  oath. 

Section  14.  Viewers  other  than  the  County  Surveyors,  and  all  assist- 
ants of  any  County  Surveyor,  shall  receive  not  to  exceed  three  dollars  per 
day  for  each  day  engaged  or  employed. 

Section  15.  It  shall  be  the  duty  of  the  County  Surveyor  to  make  all 
maps  provided  for  in  Section  3,732  of  the  Political  Code  without  extra 
charge. 

Section  16.  The  ofifice  of  Road  Supervisor  is  hereby  abolished.  Any 
and  all  sections  of  Chapter  2  of  Title  VI  of  Part  III  of  the  Political  Code 
relating  to  the  powers  and  duties  of  Road  Supervisors  are  hereby  made 
applicable  to  County  Surveyors  in  so  far  as  the  same  are  not  inconsistent 
with  any  of  the  provisions  of  this  act. 

Section  17.  All  bills  for  road  work  must  be  presented,  sworn  to, 
audited,  and  allowed  as  other  claims  against  the  county. 

Section  18.  All  acts  or  parts  of  acts  in  conflict  with  any  provision  of 
tliis  act  are  hereby  repealed. 

Section  19.  This  act  shall  take  efifect  and  be  in  force  from  and  after 
its  passage. 

Approved  March  4,  1897,  at  2. 11  p.m. 

Robert  B.  Smith, 

Governor. 
As  the  road  law  is  of  great  interest  to  the  society,  and  as  most  of  the 
County  Surveyors  in  the  State  are  members  of  the  society,  it  was  consid- 
ered important  that  the  road  law  be  published  in  the  Journal  of  the  As- 
sociation OF  Engineering  Societies,  and  the  Secretary  was  directed  to 
embody  the  same  in  the  minutes  of  the  meeting  for  publication.  The  meet- 
ing adjourned  at  about  li  p.m.,  to  meet  in  the  same  place  at  2  p.m.  March 
30,  1897. 

A.  S.  HovEY,  Secretary. 


Special  meeting  of  the  Montana  Society  of  Engineers,  held  March 
30,  1897.  Meeting  called  to  order  at  2  p.m.,  Vice-President  A.  E.  Gum- 
ming in  the  chair.  A  large  number  of  members  and  County  Surveyors 
were  present.  Reading  of  the  minutes  of  the  last  meeting  was  dispensed 
with,  and  the  time  devoted  exclusively  to  matters  pertaining  to  the  con- 
vention which  had  been  organized  and  known  as  "The  Montana  Asso- 
ciation for  the  Improvement  of  Public  Highways."  It  was  stated  that  the 
said  association  would  adjourn  on  the  following  day,  and  the  annual 
meeting  would  be  in  the  same  week  of  January  next  as  the  annual  meeting 
of  the  Montana  Society  of  Engineers.  After  two  hours  of  discussion  the 
meeting  adjourned. 

A.  S.  HovEY,  Secretary. 
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The  regular  monthly  meeting  of  the  Society  was  held  in  Helena, 
March  13,  1897.  Meeting  called  to  order  at  8  p.m.  by  Vice-President  A.  E. 
Gumming.  There  was  a  large  attendance  of  members  and  guests.  An 
hour  was  occupied  in  discussing  methods  of  road  improvements.  It  was 
stated  that  the  county  commissioners  of  Lewis  and  Glarke  County  had 
agreed  to  adopt  a  new  method,  by  which  they  expected  to  accomplish  much 
more  than  heretofore,  and  at  a  saving  to  the  county.  It  was  the  prevalent 
opinion  that  it  was  of  great  importance  that  the  county  surveyors  meet 
and  discuss  their  official  duties.  The  following  resolutions  were  passed 
and  the  Secretary  was  instructed  to  send  a  copy  to  John  W.  Wade,  county 
surveyor  of  Lewis  and  Clarke  county: 

"In  view  of  the  State  of  Montana  having  taken  the  initiative  in  the  United 
States  of  placing  the  construction  and  maintenance  of  the  roads  and  bridges 
of  the  respective  counties  under  the  supervision  of  the  county  surveyor,  by 
virtue  of  an  act  of  the  Fifth  Legislative  Assembly  of  the  State  of  Montana, 
which  became  a  law  March  4,  1897,  we  hereby  recommend  and  urge  that 
each  and  every  county  surveyor  endeavor  to  make  the  work  under  the 
new  law  operate  to  the  material  advantage  of  his  county,  both  as  to  the 
saving  of  money  and  the  substantial  improvement  of  roads,  and  we  further 
recommend  that  uniformity  of  method  be  employed,  and  to  this  end  we 
suggest  a  convention  of  county  surveyors  at  an  early  date.  And  therefore 
we  request  County  Surveyor  John  W.  Wade  to  call  such  a  convention  to 
meet  in  Helena.  And  we  further  suggest  that  each  county  surveyor  extend 
an  invitation  to  the  county  commissioners  of  his  county  to  attend  the  con- 
vention and  take  part  in  its  deliberations." 

Numerous  correspondence  from  county  surveyors  in  the  State  was 
read,  in  relation  to  the  new  road  law.  One  predominant  sentiment  in 
these  letters  was  noticeable — the  determination  to  make  the  new  law  a 
success  in  the  matter  of  improvements  and  the  saving  of  money  in  accorn- 
plishing  the  same. 

Owing  to  the  unusual  amount  of  business  before  the  Society,  the  paper 
from  Charles  Tappan,  on  "Mineral  Surveys,"  was  postponed  until  the  next 
regular  meeting  of  the  Society.  In  the  meantime  the  paper  will  be  sent 
to  the  members,  with  a  request  for  discussion  and  papers  upon  the  subject. 

There  were  two  applications  for  membership,  those  of  L.  S.  Griswold, 
geologist,  of  Helena,  and  H.  M.  Patterson,  architect,  of  Butte.  The  newly- 
elected  members  were  James  S.  B.  HoUinshead,  Godfrey  Hughes,  Geo.  E. 
.  Moulthrop,  Frank  Scotten,  Frank  M.  Smith,  B.  D.  Whitten,  F.  W.  C. 
Whyte,  and  W.  F.  Word.  The  two  following  charter  members  of  the 
Society  were  elected  honorary  members:  Edwin  H.  McHenry,  chief  en- 
gineer of  the  Northern  Pacific  Railway,  and  William  A.  Haven,  engineer 
of  the  Erie  Railway.  Both  were  active  in  the  organization  of  the  Society, 
and  have  done  much  to  promote  its  growth  and  usefulness.  J.  S.  Keerl, 
F.  J.  Smith,  and  F.  J.  Taylor  were  appointed  a  committee  upon  credentials 
for  membership.  J.  S.  Keerl  was  appointed  a  committee  of  one  to  procure 
a  paper  for  the  next  meeting. 

A.  S.  HovEY,  Secretary. 
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Eiisriiieers'  Club  of  St.  Louis. 


452D  Meeting,  April  7,  1897. — The  meeting  was  held  at  1600  Lucas 
Place,  at  8  p.m.,  with  Vice-President  Bryan  in  the  chair.  Thirty  members 
and  three  visitors  were  present. 

The  minutes  of  the  four  hundred  and  fifty-first  regular  meeting  and  the 
two  hundred  and  thirty-fourth  meeting  of  the  Executive  Committee  were 
read  and  approved. 

The  Secretary  presented  the  application  for  membership  of  Mr.  W.  S. 
Williams,  topographer,  with  the  Mississippi  River  Commission,  which  was 
referred  to  the  Executive  Committee. 

Mr.  W.  H.  Bryan  presented  an  obituary  notice  of  the  late  John  Barn- 
well Clements,  a  member  of  the  Engineers'  Club  of  St.  Louis. 

An  invitation  from  the  Western  Drawing  Teachers'  Association  to  at- 
tend its  fourth  annual  meeting  was  read. 

The  discussion  of  the  evening  on  "The  St.  Louis  Tornado"  was  then 
opened.  Mr.  Julius  Baier  presented  a  number  of  additional  stereopticon 
views,  showing  the  destructive  action  of  the  wind  in  St.  Louis  and  at  the 
bluffs  across  the  river. 

Mr.  Robert  Moore  presented  a  report  on  wind  pressures  published  by 
a  commission  appointed  by  Parliament  after  the  fall  of  the  Tay  Bridge  in 
1880.  This  report  gave  many  instances  of  extremely  high  wind  pressures, 
and  the  speaker  showed  that  it  was  as  necessary  in  the  construction  of  high 
buildings  and  structures  to  provide  against  horizontal  forces  as  against 
vertical  loads. 

Professor  F.  E.  Nipher  cited  scientific  facts  which  had  been  noticed  in 
other  tornadoes,  and  discussed  the  relative  accuracy  of  the  different  instru- 
ments used  in  measuring  wind  pressures.  He  showed  that  in  most  in- 
stances the  actual  pressure  effect  was  inaccurately  measured  in  the  use  of 
the  manometer  on  account  of  the  atomizer  effect,  and  that  in  the  use  oi 
pressure  boards  account  must  be  taken  of  the  suction  effect  on  the  leeward 
side  of  the  board.  He  described  and  exhibited  a  new  instrument  which 
he  had  devised  for  measuring  air  pressures. 

Mr.  N.  W.  Eayres  described  the  effect  of  the  tornado  on  the  east  ap- 
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proach  of  the  Eads  Bridge,  and  gave  a  theory  as  to  the  manner  in  which 
this  structure  failed.  He  also  made  a  plea  for  better  horizontal  bracing  in 
all  structures  subject  to  wind  pressures. 

Mr.  M.  L.  Holman  gave  formuhe  which  he  had  derived  for  the  deter- 
mination of  the  moment  of  stability  of  a  large  stack  which  had  been  over- 
turned in  the  St.  Louis  tornado. 

After  the  business  the  meeting  adjourned  to  another  room,  where 
lunch  was  served.  / 

RTcn.\RD  McCuLLOCH,  Secretary. 

453D  Meeting,  April  21,  1897. — The  meeting  was  held  at  1600  Lucas 
Place,  at  8  p.m.,  with  President  Flad  in  the  chair.  Twenty  members  and 
nine  visitors  were  present. 

The  minutes  of  the  452d  regular  meeting  and  the  235th  meeting  of  the 
Executive  Committee  were  read  and  approved. 

The  application  for  membership  of  Mr.  W.  S.  Williams  having  been 
favorably  reported  upon  by  the  Executive  Committee,  this  gentleman  was 
balloted  for  and  elected  a  member  of  the  club. 

The  secretary  announced  that  he  had  received  an  application  for  mem- 
bership from  Mr.  W.  L.  Garrels,  engineer  for  the  Fruin-Bambrick  Con- 
struction Company.  This  application  was  referred  to  the  Executive  Com- 
mittee. 

A  number  of  contributions  to  the  library  were  then  announced. 

Then  followed  the  paper  of  the  evening  by  Colonel  E.  D.  Meier,  en- 
titled "A  National  Boiler  Inspection  Law."  A  review  was  given  of  the 
present  status  of  boiler  laws  and  boiler  inspection,  and  a  plea  was  made 
for  the  passage  of  a  national  boiler  inspection  law,  the  execution  of  which 
is  to  be  entrusted  to  a  bureau  of  the  new  Department  of  Commerce  and 
Industries. 

The  discussion  which  followed  was  participated  in  by  Messrs.  Ocker- 
son,  Barth,  Baier,  Flad,  and  Corey. 

Mr.  Robert  Moore  made  a  few  remarks  on  the  death  of  William  Ezra 
Worthen,  honorary  member  of  the  Engineers'  Club  of  St.  Louis,  and  pre- 
sented the  following  resolution,  which  was  adopted: — 

"Resolved,  That  the  Engineers'  Club  of  St.  Louis  have  learned  with 
great  regret  of  the  death  of  William  Ezra  Worthen,  an  honorary  member 
of  this  club,  and  we  desire  hereby  to  express  our  appreciation  of  his  high 
attainments  as  an  engineer  and  his  noble  traits  as  a  man,  and  to  tender  to 
his  family  our  sympathy  in  their  great  loss." 

Colonel  E.  D.  Meier  followed  with  a  few  remarks  on  the  life  and  at- 
tainments of  Mr.  Worthen. 

The  meeting  then  adjourned  to  another  room,  where  lunch  was  served, 

Richard  McCulloch,  Secretary. 


Civil  Eiiarineers'  Club  of  Cleveland. 


The  April  Meeting  of  the  club  was  held  at  the  Electricity  Building 
Case  School  of  Applied  Science,  Tuesday  evening,  April  13,  1897,  Presi- 
dent Ritchie  in  the  chair.  Present,  30  members  and  60  visitors,  among 
whom  were  a  large  number  of  ladies. 
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Messrs.  C.  M.  Barber  and  A.  L.  Hyde  were  appointed  tellers  to  can- 
vass the  ballots  for  new  members. 

The  applications  of  John  N.  Dodd  for  admission  to  active  membershij) 
and  of  Francis  Line  and  Arthnr  McAllister  for  admission  to  associate 
membership  were  read. 

On  motion  of  Mr.  Hyde,  the  regular  business  was  dispensed  with,  and 
the  address  of  the  evening  was  then  given  by  Dr.  Cady  Staley,  president 
of  the^Case  School  of  Applied  Science,  on  "The  Arch  in  Architecture." 
The  talk  was  beautifully  illustrated  with  lantern  views.  It  gave  a  most 
complete  and  interesting  description  of  the  arch,  from  the  earliest  to  mod- 
ern times. 

Robert  R.  Muir  was  elected  an  active,  and  Albert  C.  Bishop  an  asso- 
ciate, member. 

F.  A.  CoBURN,  Secretary. 


Montana  Society  of  Civil  Kiigineers. 

The  Regular  Monthly  Meeting  of  the  society  was  held  in  the  office 
of  Hovey  &  Bickel,  Helena,  Mont.,  April  lo,  1897.  President  C.  W.  Goodale 
called  the  meeting  to  order  at  8  p.m.  The  minutes  of  the  last  meeting  were 
read  and  approved.  F.  J.  Smith  and  F.  J.  Taylor  were  appointed  tellers 
to  canvass  the  letter  ballots  for  membership,  those  elected  being  as  follows: 
L.  S.  Griswold,  geologist  of  Helena;  H.  M.  Patterson,  architect  of  Butte; 
Benjamin  Bond,  County  Surveyor  of  Beaverhead  County;  Donald  Brad- 
ford, Arid  Land  Commissioner  of  Montana,  and  E.  M.  Wardwell,  County 
Surveyor  of  Broadwater  County.  It  was  stated  that  the  paper  by  Charles 
Tappan  upon  "Mineral  Surveys"  had  been  sent  to  Butte  for  discussion 
and  would  be  read  at  the  next  regular  meeting  of  the  society. 

A  discussion  ensued  upon  keeping  up  the  standard  of  membership  of 
the  society,  and  the  advisability  of  changing  the  title  of  the  present  asso- 
ciate members  to  corresponding  members,  and  to  provide  for  the  admission 
of  those  associate  members  who  are  qualified  by  practical  experience  to 
co-operate  with  engineers  in  the  advancement  of  professional  knowledge. 

Mr.  F.  McRae  was  appointed  a  committee  of  one  to  revise  the 
memorial  of  Colonel  W.  W.  DeLacy  for  the  purpose  of  publication  in  the 
Journal  of  the  Association  of  Engineering  Societies.  The  life  of 
Colonel  DeLacy  was  very  remarkable,  owing  to  his  adventures  in  the 
West  at  a  very  early  date,  wdiile  following  his  profession. 

The  meeting  adjourned  at  10.30  p.m.  , 

A.  S.  Hovey,  Secretary. 


Civil  Engiueers'  Society  of  St.  Paul. 


St.  Paul,  Minn.,  April  5,  1897.— A  regular  meeting  of  the  Civil  En- 
gineers' Society  of  St.  Paul  was  held  at  8.30  p.m.  Ten  members  and  six 
visitors  present.  President  Hilgard  called  for  one  or  two  reports,  on 
which  more  time  was  requested.  Mr.  Miinster,  at  whose  instance  some 
experiment  on  the  shearing  value  of  wire  nails  in  pine  planks  have  been 
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made  at  the  State  University,  introduced  Mr.  Walker  and  Mr.  Cross,  the 
students  who  are  making  the  tests.  They  displayed  samples  and  gave 
some  general  results  of  about  200  tests  of  the  various  sizes  of  nails,  in 
white  and  Norway  pine.  A  white  pine  joint  held  by  one  6d.  nail  begins  to 
yield  at  about  "o  lbs.  of  shear,  and  gives -way  at  about  i6o.  Held  by  a  6od. 
nail  the  corresponding  figures  arc  370  and  820.  the  maximum  figure  in  all 
cases  being  about  twice  that  which  indicates  the  point  of  yielding. 
Roughly,  the  strength  of  the  joint  is  the  cube  of  the  diameter  of  the  nail 
into  50,000.  The  largest  nails  can  he  driven  iH  inches  center  to  center  and 
nearly  the  full  value  of  the  nail  is  effective.  For  instance,  the  result  for 
one  sod.  nail  to  the  joint  was  347  and  800,  while  the  average  of  nine  5od. 
nails  to  the  joint  was  294  and  790.  These  experiments  will  be  extended 
and  the  results  tabulated  and  digested,  and  at  a  future  meeting  of  the  Soci- 
ety will  be  discussed. 

President  Hilgard  read  a  few  notes  on  the  generally-overlooked  cen- 
trifugal and  wind  forces  which  a  pile  bridge  has  to  resist,  and  laid  out 
considerable  matter  for  discussion  at  the  next  meeting.  He  closed  with 
an  interesting  account  of  his  hospitable  reception  last  month  by  members 
of  the  Boston  Society. 

C.  L.  Annan,  Secretary. 


Technical  So<'ioty  of  the  Paoific  Coast. 


San  Francisco,  Cal.,  Regular  Meeting,  April  2,  1897. — Called  to 
order  by  Past  President  Dickie.  The  minutes  of  the  last  regular  meeting 
were  read  and  approved. 

The  following  gentlemen  were  elected  to  membership:  Members:  Ed- 
ward T.  Hewitt,  of  San  Francisco:  Morton  L.  Tower,  of  Empire  City, 
Oregon. 

The  applications  of  Henry  A.  Schulzc,  architect,  of  San  Francisco, 
proposed  by  Herman  Barth,  G.  W.  Percy,  and  Adolph  Lietz,  and  O.  M.  H. 
Denio,  of  Vallejo,  mason  at  Nav\-  Yard.  Mare  Island,  proposed  by  Otto 
von  Geldern,  Geo.  F.  Schild  (per  O.  von  G.),  and  Ernest  F.  Rossow  (per 
O  von  G.),  were  read. 

The  topical  subject  of  the  evening:  "High  Building  Construction,"  was 
discussed.  Mr.  Percy  carrying  on  the  main  discussion,  which  was  partici- 
pated in  by  members  present. 

The  attention  of  the  Society  was  called  by  the  Secretary  to  the  musi- 
cal entertainment,  arranged  by  Director  Hermann  Barth.  which  is  to  take 
place  in  the  Society's  rooms  on  or  about  April  20.  the  program  therefor  to 
be  circulated  to  members  in  due  time. 

Otto  von  Geldern,  Secretary. 
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William  Albert  Allc'ii.— A  Memoir. 
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By  H.  Bissell  and  E.  W.  Howe,  Committee  of  the  Boston  Society  of 

Civil  Engineers. 


[Read  January  27,  1897.] 

William  Albert  Allen,  the  eldest  son  of  Rev.  Charles  F.  and  Ruth  S. 
Allen,  was  born  at  Bath,  Me.,  Oetober  18,  1852.  He  was  a  descendent,  in 
the  eighth  generation,  of  George  Allen,,  who  was  born  in  England  in  1568, 
and  came  to  New  England  in  16,^5.  George  Allen's  grandsdu,  James  Al- 
len, was  one  of  the  original  proprietors  of  Martha's 
Vineyard,  and  five  generations  of  the  family  lived  on 
that  island.  Rev.  Charles  F.  Allen,  D.D.,  was  the  first 
president  of  the  Main  State  College,  and  for  over  fifty 
years  was  one  of  the  leading  clergymen  of  the  Meth- 
odist Church  in  Maine. 

Mr.  Allen  attended  the  public  schools  of  Portland, 
Eaton  School  at  Morridgcwock,  graduated  from  the 
Bangor  High  School,  Kent's  Hill  Seminary,  and  from 
Maine  State  College,  where  in  1874  he  received  the 
degree  of  Civil  Engineer.  He  soon  after  entered  the 
service  of  the  Maine  Central  Railroad,  and  in  January, 
1885,  was  appointed  chief  engineer,  which  position  he 
held  until  his  death,  March  21,  1896,  caused  by  falling  from  a  train  cross- 
ing the  Androscoggin  River  while  inspecting  repairs  which  were  being 
made  to  the  piers  of  the  bridge.  He  was  also  chief  engineer  of  the  Port- 
land Union  Railway  Station  Company  from  the  commencement  until  the 
completion  of  the  work.  His  wife,  Ella,  daughter  of  Samuel  Rolfe,  Esq.. 
of  Portland,  Me.,  died  in  1895.     They  had  no  children. 

Mr.  Allen  was  elected  a  member  of  the  Boston  Society  of  Civil  Engi- 
neers April  15,  18S5,  and  of  the  American  Society  of  Civil  Engineers  May 
6,  1891. 

Mr.  Allen's  high  natural  abilities  with  his  technical  education  made 
him  a  valuable  man  in  his  position.  He  won  and  held  the  respect  and  con- 
fidence of  the  officials  and  men  on  the  road,  and  all  others  with  whom  he 
came  in  contact  to  an  unusual  degree.  On  the  excursion  of  the  American 
Society  of  Civil  Engineers  to  the  White  Mountains  in  1895,  Mr.  Allen,  as 
representative  of  the  M.  C.  R.  R.,  looked  after  the  interests  and  comfort  of 
the  party,  contributing  largely  to  the  pleasure  of  the  occasion,  yet  doing  it 
all  so  quietly  and  modestly  that  probably  many  were  unaware  of  his 
presence 

One  of  his  associates  says  of  him:  "Beneath  an  unassuming  and 
modest  bearing,  behind  a  quiet  but  genial  manner  lay  a  respect  for  duty, 
and  a  keen  appreciation  of  the  finer  discriminations  of  business  honesty 
extending  to  the  minutest  detail  of  every  day  life.  His  unselfish  regard  for 
others,  his  constant  care  for  the  welfare  of  those  about  him  were  character- 
istics of  which  those  with  whom  he  came  in  contact  were  constantly  re- 
minded. In  many  ways  not  pertaining  strictly  to  his  own  department  of 
work,  Mr.  Allen  by  his  tact,  ready  pen  and  sound  judgment,  rendered  most 
valuable  service  to  the  Maine  Central  Railroad.  For  his  true  hearted  and 
manly  characteristics  among  men  of  afYairs  throughout  the  State  of  Maine, 
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Mr.  Allen  was  held  in  high  esteem,  and  his  sad  death  brings  real  sorrow 
to  a  wide  circle  of  representative  business  men  who  had  learned  to  regard 
liim  as  one  of  the  most  conspicuous  of  the  younger  professional  men  of  the 
State." 


John  Bjirii\v<'ll  (iciiicnts.— A  ]>Ieinoir. 

Rv  William   II.  Bryan,  AlE.\inER,  Engineers'  Club  of  St.  Louis. 


[Read  April  7,  1897.] 

It  has  become  a  custom  with  this  club  'to  spread  upon  the  records 
memorials  of  deceased  members — a  practice  well  worthy  of  being  perpetu- 
ated. The  epitaph  of  the  engineer  can  be  written  in  no  better  place  than 
in  the  Transactions  of  his  Society.  When  asked,  therefore,  by  President 
Flad,  to  perform  this  duty  in  the  case  of  John  B.  Clements,  1  could  not 
do  otherwise  than  respond. 

The  tragical  death  of  Mr.  Clements  on  March  17th  last,  at  Hot 
Springs,  Ark.,  is  still  fresh  in  your  minds.  That  the  act  was  performed 
during  temporary  aberration  is  beyond  doubt. 

For  several  years  past  I  have  had  frequent  occasion  to  come  in  close 
contact  with  Mr.  Clements,  and  have  noticed  recently  that  he  was  per- 
mitting himself  to  be  unduly  worried  by  business  matters,  although  there 
was  really  no  occasion  for  anxiety  in  any  direction.  His  unfortunate  end 
is  clearly  traceable  to  too  close  application  to  his  varied  business  interests. 
He  steadfastly  devoted  the  entire  energies  of  a  brilliant  mind  to  the  at- 
tainment of  whatever  object  was  in  view.  This  is,  unfortunately,  a  failing 
too  common  among  engineers,  and  warnings  against  it  cannot  be  reiter- 
ated too  often. 

Mr.  Clements  was  born  in  London,  England,  in  1851,  his  parents  com- 
ing to  America  and  settling  in  St,  Louis  when  he  was  eight  years  of  age. 
His  education  was  received  in  this  city.  His  first  employment  was  with 
the  IrcMi  .Mountain  Railway  System  in  a  most  humble  capacity.  By 
energy,  ability,  intense  loyalty,  and  close  application  to  duty  he  rose  rap- 
iilly,  reaching  in  a  few  years  the  jxisition  of  chief  assistant  engineer.  On 
the  consolidation  of  the  Iron  Mountain  with  the  Missouri  Pacific  Railway, 
he  received  the  appointment  of  principal  assistaiU  engineer  for  the  entire 
Missouri  Pacific  system. 

Among  the  important  pieces  of  work  which  came  under  his  immediate 
supervision  was  the  construction  of  the  Oak  Hill  or  Carondelet  branch. 
A  special  feature  of  his  work  was  the  company's  rights-of-way  and  their 
pio])erty  interests,  particularly  in  and  near  St.  Louis.  For  some  years  he 
worked  on  the  profiles,  records,  and  indexes  in  the  engineer's  office,  bring- 
ing the  whole  into  a  most  systematic  and  complete  arrangement. 

In  i88g  he  resigned  this  position  to  become  vice-president  and  general 
manager  of  the  Christy  Fire  Clay  Co.,  to  the  active  management  of  wdiose 
business  he  devoted  his  best  energies  up  to  the  time  of  his  last  illness.  His 
work  here  was  of  the  same  high  order,  being  the  reduction  of  all  the  de- 
partments of  the  work  to  a  system,  the  introduction  of  labor-saving  devices 
wherever  possible,  including  the  construction   of  a  gravity  road  for  han- 
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<lling  clay.  His  special  study  was  the  improvement  of  the  output  of  the 
company  and  its  adaptabiUty  to  severe  and  unusually  tryini?  conditions, 
such  as  resistance  to  the  lluxes,  and  high  temperatures  met  in  the  manu- 
facture of  glass.  , 

Mr.  Clements  was  identified  with  many  other  prominent  interests  in 
this  city,  being  president  of  the  St.  Louis  Sanitary  Co.,  principal  owner  of 
a  Carondelet  bridge  franchise,  and  also  largely  interested  in  industrial 
enterprises  in  the  West  and  South. 

He  became  a  member  of  this  Club  on  January  7,  1885,  and,  while  tak- 
ing an  active  part  in  its  proceedings,  he  was  always  one  of  its  stanchest 
supporters.  He  was  also  a  member  of  the  American  Society  of  Mechanical 
Engineers,  and  contributed  materially  toward  making  the  Convention  in 
this  city  a  year  ago  a  success. 

In  my  association  with  Mr.  Clements,  I  found  him  always  a  pleasant 
and  courteous  gentleman,  a  man  with  the  true  engineer's  instinct  of  get- 
ting at  the  essential  features  of  a  problem  in  the  shortest  time,  and  the 
the  most  direct  manner;  a  man  of  rare  executive  ability,  and  of  a  most 
charitable  disposition.  An  incident  illustrating  the  latter  trait  was  strongly 
in^pressed  upon  me  some  years  ago,  in  connection  with  a  gentleman — 
once  a  member  of  this  Club — where  Mr.  Clements  went  out  of  his  way  to 
do  a  kindly  action  in  the  face  of  most  forbidding  circumstances. 

There  came  to  him  more  of  substantial  rewards  than  fall  to  the  lot  of 
most  engineers.  There  is  much  in  his  character  and  career  which  com- 
pels admiration,  and  in  many  respects  his  example  can  well  be  followed. 
On  the  whole,  however,  we  may  be  pardoned  for  doubting  whether  his 
success  was  worth  the  price  he  paid  for  it,  after  all. 

Whole-souled,  rare-minded  men  like  John  B.  Clements  are  too  scarce 
in  this  busy  world  at  the  end  of  the  nineteenth  century.  In  honoring  such 
men  the  Engineers'  Club  of  St.  Louis  honors  itself. 


Tlie  Detroit  Eiij»iii«'criiii»'  Society. 


Annual  Meeting. — The  third  annual  meeting  of  the  Detroit  Engineer- 
ing Society  was  held  in  the  parlors  of  the  Hotel  Ste.  Claire,  Friday  evening, 
April  23,  1897,  President  Walter  S.  Russel  presirnng.  There  were  present 
thirty-six  members. 

The  Executive  Committee  reported  favorably  upon  the  applications 
for  membership  of  C.  M.  Stephens,  of  Mt.  Clemans,  and  A.  J.  Wenzell,  of 
Detroit,  and  upon  secret  ballot  they  were  elected  to  resident  membership. 

The  election  of  officers  followed,  which  resulted  in  the  election  of  the 
following: 

President^Jesse  M.  Smith. 
First  Vice-President — Alex.  Dow. 
Second  Vice-President — William  J.  Keep. 
Secretary — Gardner  S.  Williams. 
Treasurer — Theodore  H.  Hinchman,  Jr. 

The  annual  reports  of  the  Secretary  and  Treasurer  were  then  submitted 
by  title,  and  the  meeting  adjcnirned  to  the  dining  room  and  participated  in 
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the  annual  banquet,  at  which  the  President  delivered  his  annual  review  of 
the  work  of  the  society,  and  impromptu  responses  were  made  by  Messrs. 
Dow.  Farmer,  D.  A.  Molitor,  Conant,  Greene,  Field  and  Smith. 

Gardner  S.  Williams,  Secretary. 

The  Executive  Committee  met  April  27,  and  selected  Mr.  Willard  Pope 
to  complete  the  committee,  and  nominated  Mr.  William  A.  Livingstone  as- 
member  of  the  Board  of  Managers  of  the  Association  of  Engineering  So- 
cieties. 

Gardner  S.  Williams,  Secretary. 

ANNUAL  REPORT  OF  THE  SECRETARY. 

To  the  President,  Executive  Committee  and  Members  of  the  Detroit  Engineering 

Society: 

The  preliminary  meeting  for  the  formation  of  this  society  was  held  at 
the  office  of  the  Engineering  Department  of  the  Detroit  Water  Works 
Wednesday  evening,  May  i,  1895,  and  the  original  name,  "The  Detroit  Asso- 
ciation of  Graduate  Engineers  of  the  University  of  Michigan,"  adopted 
upon  motion  of  Mr.  W.  A.  Livingstone.  Mr.  G.  S.  Williams  was  elected 
temporary  chairman,  and  Mr.  C.  W.  Hubbell  temporary  secretary.  The 
constitution  was  adopted  at  a  second  meeting  at  the  same  place  Tuesday 
evening.  May  28,  and  the  first  permanent  officers  were  elected  at  the  third 
meeting,  which  preceded  the  first  annual  banquet  held  at  the  Michigan  Club 
Rooms,  Chamber  of  Commerce,  Friday  evening,  June  14,  1895,  the  officers 
being: 

President — Walter  S.  Russel. 
First  Vice-President — William  A.  Livingstone. 
Second  Vice-President — George  Y.  Wisner. 
Secretary — Edmund  L.  Sanderson. 
Treasurer — George  A.  Robinson. 

These  officers  then  selected  G.  S.  Williams  to  complete  the  Executive 
Committee. 

The  following  meetings  were  held  during  the  year: 

August  23,  on  board  steamer  "Newsboy"  on  Detroit  River.  President 
Russel  presiding,  15  members  and  8  guests  present.  Paper  by  George 
Y.  Wisner,  "Regulation  of  Lake  Levels." 

November  8  at  Prisfnatic  Hall,  President  Russel  presiding.  Paper  by 
PI.  G.  Field,  "Test  of  a  Direct-Connected  Dynamo." 

December  20,  at  Hotel  Ste.  Claire,  President  Russel  presiding.  Paper 
by  G.  S.  Williams,  "The  Purification  of  Water." 

January  24,  1896,  at  Hotel  Ste.  Claire,  President  Russel  presiding. 
Paper  by  H.  E.  Whitaker,  "Inertia,  a  Neglected  Element  in  Machine  De- 
sign." 

February  28,  at  Hotel  Ste.  Claire,  President  Russel  presiding.  Paper 
by  T.  H.  Hinchman,  Jr.,  "Test  of  a  Carbon  Bi-Sulphide  Engine." 

The  second  annual  meeting  and  annual  banquet  were  held  at  Hotel  Ste. 
Claire  Friday  evening,  May  i,  1896,  President  Russel  presiding  and  20 
members  present.  The  report  of  the  Secretary  showed  that  during  the  year 
42  persons  had  been  connected  with  the  society,  of  whom  four  had  with- 
drawn. The  constitution  was  amended,  extending  the  privileges  of  mem- 
bership to  engineers  in  general,  and  26  new  members  were  elected.     The 
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name  of  the  association  was  then  changed  to   "The  Detroit  Engineering 
Society,"  and  the  following  officers  elected: 

President — Walter  S.  Russel. 
First  Vice-President — Jesse  M.  Smith. 
Second  Vice-President— Alex.  Dow. 
Secretary — Gardner's.  Williams. 
Treasurer — Theodore  H.  Hinchman,  Jr. 

The  Executive  Committee  was  completed  by  the  selection  of  William  A. 
Livingstone,  and  was  directed  to  revise  the  constitution  to  provide  for  the 
changed  conditions  of  membership. 

The  following  meetings  have  been  held  during  the  year  just  closed: 

May  29,  1896,  at  Hotel  Ste.  Claire,  President  Russel  presiding;  26  mem- 
bers and  4  visitors  present.  Paper  by  Charles  E.  Greene,  "The  Evolution 
of  the  Engineer." 

June  19,  at  Hotel  Ste.  Claire,  Vice-President  Smith  presiding;  23  mem- 
bers and  10  visitors  present.  Paper  by  J.  C.  Danziger,  "High  Grade 
Steel."  Twenty  candidates  elected  to  membership,  and  constitution  re- 
ported and  laid  on  table. 

July  24,  called  at  Palm  Leaf,  but  adjourned  for  lack  of  quorum. 

August  21,  called  at  Palm  Leaf,  but  held  at  Hotel  Ste.  Claire  on  ac- 
count of  rain.  President  Russel  presiding;  17  members  and  5  visitors  pres- 
ent. Paper  by  Geo.  Y.  Wisner,  "Sewage  Disposal."  Six  candidates  elected 
to  membership. 

September  18,  at  Hotel  Ste.  Claire,  President  Russel  presiding;  17  mem- 
bers present.  Paper  by  David  A.  Molitor,  "Municipal  Public  Improve- 
ments and  the  Laws  Governing  Them." 

October  16,  at  Hotel  Ste.  Claire,  President  Russel  presiding;  23  mem- 
bers present.  Paper  by  A.  G.  Mattsson,  "The  Development  in  Machinery 
of  Our  Lake  Marine." 

November  20,  assembled  at  Hotel  Ste.  Claire  and  proceeded  to  Detroit 
Citizens'  Street  Railway  power-house  in  private  car  "Yolande"  by  invitation 
of  Mr.  Thomas  Farmer,  Jr.  Meeting  on  board  car  "Yolande."  President 
Russel  presiding;  23  members  and  8  visitors  present.  Three  candidates 
elected  to  membership. 

December  18,  at  Hotel  Ste.  Claire.  President  Russel  presiding;  24 
members  and  3  visitors  present.  Executive  Committee  reported  that  on 
letter  ballot  54  of  58  votes  were  favorable  to  increasing  dues  and  joining 
Association  of  Engineering  Societies,  and  were  instructed  to  apply  for  ad- 
mission. Constitution  taken,  from  the  table  and  referred  back  to  Executive 
Committee  for  further  revision.  Seven  candidates  elected  to  membership. 
Paper  by  Alex.  Dow,  "Conduits  and  Cables." 

January  22,  1897,  at  Hotel  Ste.  Claire.  President  Russel  presiding;  25 
members  and  5  visitors  present.  Paper  by  Edward  L.  Woodruff,  "Fog 
Signals  and  Aberrations  in  Their  Audibility."  The  revised  constitution  re- 
ported, adopted  and  ordered  printed.  Two  candidates  elected  to  member- 
ship. The  admission  of  the  society  to  membership  in  the  Association  of 
Engineering  Societies  was  announced. 

February  19,  at  Hotel  Ste.  Claire.  President  Russel  presiding:  25, 
members  and  i  visitor  present.  Paper  by  R.  G.  Ewer,  "Sulphuric  Acid  and 
By-products  from  Iron  Pyrites,"  read  by  the  Secretary. 
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Chas.  E.  Greene  nominated  and  confirmed  as  member  of  the  Board  of 
Manajjers  of  the  Association  of  Enjjineering  Societies.  A  standing  com- 
mittee on  Legislation  and  one  on  Public  Library  was  authorized  and  ap- 
pointed.    One  candidate  elected  to  membership. 

March  meeting  postponed  to  April  2.  at  Hotel  Stc.  Claire.  President 
Russel  presiding:  25  members  and  5  visitors  present.  Paper  by  \V.  S.  Rus- 
sel.  "Observations  on  the  Chicago  Drainage  Canal."  Five  candidates  were 
elected  to  membership. 

During  the  j'ear  70  candidates  have  been  elected  to  membership,  of 
whom  eight  have  not  yet  qualified,  and  six  members  have  resigned,  four  on 
account  of  removal  from  the  State,  leaving  the  present  membership  94,  a 
gain  of  56  during  the  year. 

Respectfully  submitted, 

Gardner  S.  Willi.-\ms.  Secretary. 

REPORT    OF    THE   TRE.\SURER. 

To  the  President  and  Executive  Coiiimittce  of  the  Detroit  Engineering  Society: 

Total  receipts  during  the  year  ending  May  i,  1896 $205  25 

Total  disbursements  during  year  ending  ]\fay  i.  1896...  .     204  35 

Balance  on   hand $1  90 

For  year  ending  April  2^,  1897: 

RECEIPTS. 

From  Treasurer  of  preceding  year $1  90 

Dues  of  members  for  1896 177  00 

Total $178  90 

EXPENDITURES. 

Printing,  stationery  and  postage $40  17 

Initiation  in  Association  of  Engineering  Societies 41   50 

Quarterly  assessment  of  sanie 68  25 

Total   $14992 

P>alance  on  hand $28  98 

Respectfully  submitted, 
Theodore  H.  Hinchm.vn.  Jr.,  Treasurer. 
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PROCEEDINGS. 

Engineers'  Club  of  St.  TjOius. 


4S4TH  Meeting,  May  5,  1897. — The  meeting  was  held  at  1600  Lucas 
Place  at  8  p.m.,  with  President  Fiad  in  the  chair.  Thirty-four  members  and 
nine  visitors  were  present. 

The  minutes  of  the  453d  meeting  and  the  236th  meeting  of  the  Execu- 
tive Committee  were  read  and  approved. 

The  application  for  membership  of  Mr.  W.  L.  Garrels  having  been 
favorably  reported  upon  by  the  Executive  Committee,  this  gentleman  was 
balloted  for  and  elected  a  member  of  the  Club. 

The  Secretary  announced  that  Professor  J.  B.  Johnson  had  presented 
the  library  with  a  copy  of  "The  Materials  of  Construction."  Mr.  Julius 
Baier,  the  Librarian,  announced  that  he  had  received  for  the  library  copies 
of  the  reports  of  construction  of  the  Sioux  City,  New  Omaha,  Plattsmouth 
and  Cairo  bridges  designed  by  Mr.  Morrison.  The  Secretary  was  in- 
structed to  thank  these  gentlemen  in  the  name  of  the  Club  for  their  dona- 
tions. 

The  paper  of  the  evening  by  Mr.  W.  A.  Layman,  entitled  "Long  Dis- 
tance Electric  Power  Transmission,"  was  then  read.  The  writer  briefly  re- 
viewed the  methods  of  electric  power  generation  and  the  different  systems 
of  electric  transmission,  and  showed  how  the  two  and  three-phase  electric 
currents  are  peculiarly  adapted  to  long  distance  transmission,  illustrating 
his  remarks  by  means  of  charts  and  apparatus.  He  described  in  detail  the 
recent  installations  at  Sacramento  and  Fresno,  Cal.,  Telluride,  Colo.,  and 
Salt  Lake  City,  Utah.  Lantern  slides  showing  views  of  these  plants  were 
exhibited.  The  paper  was  received  with  a  great  deal  of  interest,  and  the 
discussion  which  followed  was  participated  in  by  Messrs.  Bryan,  Flad, 
Bausch  and  Laird. 

Following  this  paper,  Mr.  C.  G.  Barth  made  an  address  on  "Columns." 
He  showed  the  result  of  eccentric  loading,  and  gave  a  new  formula  which 
he  had  derived  for  use  in  the  designing  of  columns.  He  exhibited  curves 
showing  how  his  formula  compared  with  those  in  common  use.  On  mo- 
tion Mr.  Barth  was  requested  to  put  his  remarks  in  writing  with  a  view  to 
publication. 

The  meeting  then  adjourned  to  the  library,  where  lunch  was  served. 

Richard  McCulloch,  Secretary. 
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455TH  Meeting,  May  19,  1897. — The  meeting  was  held  at  1600  Lucas 
Place  at  8  p.m.,  with  President  Flad  in  the  chair.  Thirty-one  members 
and  four  visitors  were  present. 

The  minutes  of  the  454th  regular  meeting  and  the  237th  meeting  of  the 
Executive  Committee  were  read  and  approved. 

The  Secretary  announced  that  Mr.  B.'  H.  Colby  had  presented  the 
library  with  a  copy  of  "The  Report  upon  the  Bench  Marks  of  the  City  of 
St.  Louis."  The  thanks  of  the  Club  were  extended  to  Mr.  Colby  for  his 
donation. 

Mr.  H.  A.  Wagner  then  made  an  address  upon  "The  Electric  Lighting 
System  of  the  City  of  St.  Louis."  A  review  was  given  of  the  history  of 
the  lighting  industry  in  this  city,  and  the  present  condition  was  described. 
Changes  are  now  being  made  so  that  all  lights  may  be  operated  from  one 
kind  of  dynamo.  Twelve  hundred  arc  lamps  are  now  being  operated  from 
one  alternating  current  dynamo,  and  the  other  arc  lights  are  rapidly  being 
changed  to  operate  on  alternating  current  circuits.  The  plan  in  operating 
arc  lights  is  to  use  step-up  transformers,  and  as  many  as  sixty  arc  lights 
arc  operated  in  series  on  one  alternating  circuit.  The  same  generator 
may  be  used  for  arc  and  incandescent  lighting.  Mr.  Wagner  gave  a  short 
sketch  of  the  underground  work  now  being  installed.  For  commercial 
lights  the  plan  is  to  use  high-tension  mains  and  distribute  at  low  tension 
on  the  220-volt,  three-wire  system,  from  transformers  placed  in  the  man- 
holes. The  discussion  which  followed  was  participated  in  by  Messrs. 
Kinealey,  Flad  and  Barth. 

Mr.  Barth  then  exhibited  a  wooden  surface  illustrating  a  problem  in 
tlic  calculus,  and  gave  a  short  discussion  of  the  matter. 

The  meeting  then  adjourned  to  the  library,  where  lunch  was  served. 

Richard  McCulloch,  Secretary. 


Montana  Society  of  Kiigiiieers. 

Regular  Meeting,  May  8,  1897. — The  regular  monthly  meeting  of 
the  society  was  held  in  its  rooms  in  the  Merchants'  National  Bank 
Building.  The  presiding  officer  being  absent,  James  H.  Page  was  elected 
president,  pro  tern.  The  minutes  of  the  last  meeting  were  read  and  ap- 
proved. Tlie  applicants  for  membership  were  P.  C.  Kittle,  of  Belt,  and 
A.  W.  Warwick,  of  Wickes.  Mr.  Finlay  McRae,  Committee  on  the  Col- 
onel W.  W.  De  Lacy  Memorial,  presented  the  same.  It  being  found  that 
there  were  not  sufficient  funds  for  its  publication,  resolutions  were  passed 
to  reeiuest  members  to  contribute  funds  for  its  publication,  and  also  to 
erect  a  suitable  monument  over  the  grave  of  tiie  late  Colonel  W.  W.  Dc 
Lacy.     A  motion  prevailed  to  hold  a  special  meeting  at  8  p.m.,  May  15. 


Special  Mkkting,  May  15,  1897. — Mr.  F.  L.  Sizer  was  elected  presi- 
dent, pro  tern.,  and  Mr.  T.  M.  Ripley  was  appointed  temporary  secretary. 
The  minutes  of  the  preceding  meeting  were  read  and  approved.  The  appli- 
cation for  membership  of  Mr.  G.  R.  Metlen,  of  Diilon,  was  favorably  acted 
upon.  A  paper  upon  "Mineral  Surveys,"  from  Mr.  Charles  Tappan,  of 
Salt  Lake  City,  Utah,  was  read.  The  paper  gave  a  method  of  taking  direct 
solar  observations,   and   suggested   nietlidds   of  meeting  some  of  the   dilti- 
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culties  and  absurdities  arising  through  the  present  mining  laws  and  depart- 
ment rulings.  A  discussion  upon  Mr.  Tappan's  paper  from  Mr.  John 
Herron  was  read,  in  whicli  lie  showed  the  importance  of  carefully  sur- 
vejnng  mining  claims,  as  contemplated  by  Mr.  Tappan's  methods.  A 
discussion  by  Mr.  Joseph  H.  Harper  was  also  read.  He  considered  the 
occasions  were  rare  where  the  deputy  was  required  to  work  to  obtain  the 
last  few  square  feet  that  may  be  included  in  a  survey.  Other  conditions 
generally  control.  Mr.  F.  L.  Sizer  thought  that  the  present  ruling  pro- 
hibiting the  establishment  of  end  lines  inside  the  boundaries  of  patented 
ground  would  eventually  b.e  modified.  It  was  announced  that  Professor 
L.  S.  Griswold  would  probably  deliver  an  address  upon  his  geological 
research  in  Montana  at  the  next  regular  meeting. 

A.  S.  HovEY,  Secretary. 


Tecliiiical  Sooiety  of  the  Paoifit*  C<>ast. 


Rf.gular  Meeting.  May  7,  1897.— Called  to  order  at  8.30  p.m.  by  Past- 
President  Richards. 

A  letter  from  President  Molera  was  read,  expressing  regrets  that  he 
could  not  attend  the  meeting. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  were  elected  to  membership: 

Members — Henry  A.  Schulze,  architect,  San  Francisco;  George  H. 
Evans,  mining  engineer,  Oroville,  Cal. 

Junior — E.  F.  Henderson,  civil  engineer,  Berkley,  Cal. 
Associate^ — O.  H.  M.  Denio,  Vallejo,  Cal. 

The  Secretary  read  the  paper  of  the  evening,  written  by  Mr.  Burr 
Bassell,  member  of  Technical  Society,  entitled  "Operation  of  the  Los 
Angeles  Out-fall  Sewer  and  Sewage  Irrigation." 

In  connection  therewith,  written  discussions  by  James  D.  Schuyler, 
member  of  Technical  Society,  and  Gervaise  Purcell,  A.  M.  I.  C.  E.,  were 
read. 

A  further  discussion  of  the  interesting  subject  was,  upon  motion  by 
n.  C.  Henny,  postponed  until  the  next  regular  meeting. 

Mr.  L.  A.  Buchanan  explained  a  method  on  the  blackboard  of  solving 
algebraic  equations  of  any  degree. 

It  was  suggested  that  Mr.  Buchanan  furnish  the  members  with  copies 
of  his  solution,  for  closer  examination  and  future  discussion  of  the  subject. 

The  Chairman  appointed  a  committee  consisting  of  Colonel  George  H. 
•Mendell,  George  W.  Dickie,  and  President  Molera,  to  wait  upon  Colonel 
Charles  R.  Suter,  Corps  of  Engineers,  U.  S.  A.,  and  request  him  to 
address  the  society  on  the  subject  of  the  Mississippi  river  on  some  suitable 
occasion. 

The  death  was  announced  of  Alexander  J.  Brownlie,  member  of  Tech- 
nical Society,  of  Portland,  Ore.  The  matter  was  referred  to  the  Executive 
Board  for  the  preparation  of  suitable  resolutions  in  memory  of  the  deceased 
engineer. 

Adjourned. 

Otto  von  Geldern,  Secretary. 
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Civil  l<]iis>»iiM'ors'  Socii'ty  of  St.  Paul. 

St.  Paul,  Minn.,  May  3,  1897. — A  regular  meeting  of  the  Civil  Engi- 
neers' Society  of  St.  Paul  was  held  at  8.15  p.m.  Seven  members  and  two 
visitors  present;  Vice-President  Crosby  presiding  and  Mr.  Wilson  acting  as 
Secretary. 

Minutes  of  previous  meeting  read  and  approved. 

A  communication  to  our  President  from  the  President  of  the  Engi- 
neers' Club  of  St.  Louis  relating  to  an  interchange  of  lantern  slides,  and  the 
favorable  reply  thereto  were  read. 

Action  on  the  report  of  the  Committee  on  Membership  was  deferred 
until  the  next  regular  meeting. 

A  paper  prepared  by  President  Hilgard,  on  "Some  Standard  Plans  for 
Girder  Bridges  on  the  N.  P.  Railway  System,"  was  then  presented.  The 
paper  set  forth  the  economical  and  other  advantages  of  the  standard  100  ft. 
plate-lattice  girder  designed  by  Mr.  Hilgard,  which  has  been  in  use  for  the 
past  two  years.  The  method  of  replacing  (in  the  space  of  about  four  hours) 
the  old  structure  on  temporary  foundations  with  the  new  girder  bridge  on 
concrete  foundations  previously  built  was  definitely  described.  The  pound 
prices  for  bridge  complete  contracted  for  in  1895  averaged  3^/2  cents,  in 
1896  about  3  cents,  and  will  not  exceed  2^  cents  the  present  year.  Mr. 
Hilgard's  scheme  of  complete  standard  plans  of  uniform  size  blue  printed 
from  photographic  negatives,  for  bidders,  inspectors  and  office  use  fur- 
nishes in  abundance  at  small  cost  the  details  so  necessary  to  definite  treat- 
ment of  this  class  of  work. 

The  matter  of  illustrations  for  the  paper  on  Wire  Nail  Tests  read  at 
the  last  meeting  was  referred  to  Mr.  Woodman  and  Mr.  Miinster. 

Adjourned  to  first  Monday  in  September. 

C.  L.  Annan,  Secretary. 


Civil  Eiis»iii<'ers'  Clul)  of  Clovolanrt. 


Case  Library  Building,  Cleveland,  O. — Meeting  of  the  Civil  Engi- 
neers' Club  of  Cleveland,  Tuesday  evening,  May  11,  1897,  President  Ritchie 
in  the  chair.     Present,  twenty-four  members  and  five  visitors. 

Tlie  minutes  of  the  annual  meeting,  held  February  2^,  the  special  meet- 
ing of  March  6,  and  the  April  meeting  on  the  13th  were  read  and  approved. 

The  Executive  Board  reported  the  names  of  Messrs.  J.  B.  Weddell  and 
John  B.  Davis  as  dropped  from  the  roll  for  the  non-payment  of  dues.  The 
resignations  of  Messrs.  Frank  H.  Constant,  H.  E.  Riggs,  and  John  Walker, 
and  the  applications  for  active  membership  of  George  Harry  Kimball  and 
John  Bruce  Hayden  as  approved. 

The  Standing  Committees  for  the  year  as  follows: 

Finance  Committee — C.  M.  Barber,  F.  A.  Coburn,  Hiram  Kimball. 

Library  Committee — A.  Lincoln  Hyde,  J.  W.  Langley,  William  C. 
Jcwett. 

Programme  Committee — Albert  H.  Porter,  chairman;  Henry  A.  Bar- 
ren, Walter  Aliilcr,  Harrj'  S.  Nelson,  W.  P.  Brown,  Joseph  C.  Beardsley, 
Perry  L.   Hobbs. 

Reception  Committee  to  consist  of  the  entire  board. 
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The  resolutions  regarding  the  manner  of  the  payment  for  kinches  pre- 
sented at  the  annual  meeting  came  up  for  action  and  failed  to  be  adopted. 

Mr.  Walter  Miller  then  presented  the  paper  of  the  evening,  "Some 
Notes  on  Marine  Engineering  and  Shipbuilding  in  England,  Scotland  and 
Ireland." 

It  was  a  very  complete  collection  of  notes  describing  observations  by 
tlie  reader  during  his  recent  trip  through  the  shipbuilding  yards  and  ma- 
chine shops  and  foundries  of  those  countries.  An  interesting  discussion 
followed. 

John  N.  Dodd  was  reported  as  elected  to  active  membership,  and 
Francis  Line  .and  Arthur  McAllister,  Jr.,  to  associate  membership. 

The  meeting  adjourned,  after  which  a  light  lunch  was  served. 

F.  A.  CoBURN,  Secretary. 


Boston  Society  of  Civil  Kngiiieors. 


April  21,  1897. — A  regular  meeting  of  the  society  was  held  at  Chipman 
Hall,  Trcmont  Temple,  at  8  o'clock  p.m.,  Vice-President  H.  D.  Woods  in 
the  chair;  eighty-five  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Frederic  A.  Caldwell,  Stephen  Child,  Arthur  E.  Hatch,  Kil- 
burn  S.  Sweet,  Leonard  C.  Wason,  and  Thomas  H.  Wiggin  were  elected 
members  of  the  society. 

The  secretary  reported  for  the  Board  of  Government  that  it  had  ap- 
pointed the  following  special  committees: — 

On  Weights  and  Measures — Charles  T.  Main,  Dwight  Porter,  Henry 
B.  Wood. 

On  Excursions — Morris  Knowles,  Austin  B.  Fletcher,  R.  S.  Hale, 
Henry  S.  Adams,  B.  W.  Guppy. 

On  the  Library— William  B.  Fuller,  F.  L.  Fales,  C.  M.  Saville,  F.  P. 
McKibben,  F.  H.  Fay. 

On  Quarters — Thomas  Doane,  Desmond  Fitzgerald,  E.  W.  Howe,  C. 
Frank  Allen,  E.  W.  Bowditch. 

On  Municipal  Civil  Service — William  Jackson,  F.  P.  Stearns,  G.  F. 
Swain,  G.  A.  Kimball,  T.  H.  Barnes. 

Members  of  the  Board  of  Managers — J.  R.  Freeman,  Henry  Manley, 
Fred.  Brooks,  and  the  secretary  ex-ofUcio. 

The  secretary  read  a  memoir  of  Marshall  M.  Tidd,  prepared  by  a 
committee  of  the  society. 

The  thanks  of  the  society  were  voted  to  the  officials  of  the  New  York, 
New  Haven  and  Hartford  Railroad,  who  had  placed  at  the  disposal  of  the 
society  the  special  cars  for  the  excursion  to  Brockton  this  afternoon. 

Mr.  James  W.  Rollins,  Jr.,  then  read  the  paper  of  the  evening,  entitled 
"Construction  Work  in  Abolishing  the  Grade  Crossings  in  Brockton, 
Mass."     The  paper  was  fully  illustrated  by  lantern  slides. 

Adjourned. 

S.  E.  TiNKHAM,  Secretary. 
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Maishall  3Iaitaiii  Ti<l<l.— A   >I<'inoir. 


B\  HuNRY  Manley,  J.  R.  Freeman  and  B.  R.  Felton,  Committee  of 
THE  Boston  Society  of  Civil  Engineers. 


[Read  April  21,   1897.] 

Marshall  Martatn  Tidd  was  born  in  Woburn,  Mass..  August  i, 
1827.  His  early  education  was  obtained  in  the  public  schools  of  Woburn. 
He  lost  the  use  of  his  right  arm  when  a  young  child,  owing  to  a  fall  upon 
the  back  of  his  head,  which  resulted  in  the  paralysis  and  arrest  of  growth 
of  the  arm.  Notwithstanding  this,  he  was  a  very  active  and  capable  boy, 
and  delighted  in  all  kinds  of  out-of-door  sports,  such  as  swimming,  sailing, 
canoeing,  hunting,  fishing,  skating,  etc.,  in  all  of  which  he  excelled,  in 
spite  of  the  loss  of  the  use  of  his  right  arm. 

He  was  expert  in  the  use  of  tools,  and  made  many  ingenious  articles 
that  required  skillful  work. 

.\t  the  age  of  16  he  went  to  work  on  the  old  Middlesex  Canal,  and 
for  about  two  years  tended  one  of  the  locks  in  Woburn. 

His  first  engineering  experience  was  as  an  assistant  on  the  dam  at 
Lawrence,  under  Mr.  Charles  S.  Storrow,  chief  engineer.  This  was  before 
the  days  of  photography,  and  one  of  his  duties  was  to  make  free-hand 
sketches  showing  the  condition  of  the  work  at  the  end  of  each  month. 
He  had  much  ability  in  the  use  of  pen,  pencil  and  brush,  and  his  drawings 
wore  remarkable  for  their  extreme  accuracy  and  for  their  fineness  of  detail. 

After  the  Lawrence  dam  was  completed  he  found  employment  in  a 
lithographing  establishment,  where  he  remained  for  a  year  or  two,  making 
drawings  on  stone. 

After  this  he  opened  an  office  in  Boston  for  the  practice  of  draughting. 
His  work  was  mostly  meclianica!  draughting  and  making  drawings  of 
machinery  for  wood-cuts.  He  finally  settled  in  an  office  at  the  corner  of 
Tremont  and  Court  streets,  which  he  occupied  for  over  forty  years,  and, 
indeed,  to  the  end  of  his  life,  with  the  exception  of  the  time  occupied  by 
the  erection  of  a  new  building  on  the  site  of  the  old  one.  His  work 
brought  him  into  contact  with  many  mechanical  inventors  and  to  an 
acquaintance  with  many  noted  men  in  this  field.  He  made  drawings  of 
many  of  the  leading  forms  of  wood  and  iron-working  machinery,  and  of 
the  work  of  Hoadley,  Worthirgton,  Alvan  Clark  and  others;  also  many 
drawings  of  natural  specimens  for  Professor  Agassiz.  His  scrap-book, 
containing  cuts  from  his  drawings,  is  exceedingly  interesting,  and  gives, 
in  a  way,  a  pictorial  history  of  tlie  mechanical  achievements  of  the  time.^ 
.\ir.  Tidd  always  referred  to  this  work  with  much  satisfaction,  as  well  he 
might,  fcr  notwithstanding  that  he  had  only  his  left  hand  to  work  with, 
in  this  was  cultivated  such  marvellous  delicacy  of  touch  that  he  probably 
had  ro  su])erior  in  machine  drawing  in  lioston.  He  followed  this  w'ork 
until  about  1872,  when  the  decline  in  the  use  of  wood-cuts,  due  to  t!ie 
intro<luction  of  clieaper  processes  of  illustration,  and  his  employment  on 
the  construction  of  water  works,  led  to  his  giving  it  up  entirely.  During 
these  years,  however,  he  was  employed  nunc  or  less  upon  work  more  in 
the  line  of  civil  engineering.  His  most  important  work  of  that  nature 
was  upon  the  patent  wooden  dry  docks  built  by  J.  E.  Simpson  at  Erie 
Basin,  Brooklyn,  N.  Y.,  East  Boston,  Mass.,  and  Portland,  Me. 
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In  1872  Mr.  Tidd  was  elected  Water  Commissioner  of  Woburn,  Mass.. 
the  only  public  office  he  ever  held.  In  addition  to  his  duties  as  Com- 
missioner, he  was  practicalh'  engineer  of  the  works.  His  connection  with 
these  works  led  to  his  employnuMit  on  others,  and  from  this  time  he 
devoted  himself  almost  exclusively  to  the  design  and  construction  of 
water  works  and  sewerage  systems.  The  following  are  the  more  important 
water  works  that  came  under  his  charge,  in  about  the  order  in  which  they 
were  built:  At  Natick  and  Lincoln,  Mass.;  Lewiston,  Me.;  Concord,  Mass., 
State  Prison;  Hingham,  Marlboro,  Hudson,  Weymouth  and  Hyde  Park, 
Mass.;  Gardiner,  Richmond  and  Calais,  Me.;  St.  Stephens,  N.  B.;  Co- 
hasset,  Randolph,  Holbrook  and  Vineyard  Haven,  Mass.;  Charlottetown, 
P.  E.  I.;  Maiden,  ]\Iass.,  High  Service;  Caribou,  Dover  and  Foxcroft,  Me.: 
Ashland,  Ky. ;  Reading  and  Fairhaven,  Mass.;  Hanover,  N.  H.;  Farming- 
ton  and  Madison,  Me.,  and  Yarmouth,  N.  S. 

In  addition  to  the  foregoing,  he  was  employed  to  make  improve- 
ments or  additions  to  existing  works  in  Fort  Smith,  Ark.;  Tiflin,  Ohio; 
V\^oonsocket,  R.  I.;  Manchester,  N.  H.;  Bath,  Brunswick,  Waterville, 
Bangor,  and  Bar  Harbor,  Me.;  Medford,  Melrose,  Belmont,  Maynard. 
and  Attleboro,  Mass. 

He  was  employed  as  an  expert  to  report  to  capitalists  upon  the  con- 
dition and  value  of  many  works  in  the  \\'est;  also  as  an  expert  in  cases 
of  the  taking  of  the  works  of  private  corporations  by  municipalities  at 
Syracuse,  N.  Y. ;  Auburn,  Me.;  Rochester,  N.  H.;  Braintree,  Haverhill, 
and  Quincy,  Mass.,  and  Milford,  N.  H.  He  was  retained  as  consulting 
engineer  at  Helena,  Mont.;  Phoenix,  Ariz.,  by  the  Maine  Water  Com- 
pany, Cambridge,  Mass.,  and  others.  Fie  also  designed  and  built  the 
sewerage  system  at  Marlboro,  Mass. 

At  the  time  of  his  death  he  was  employed  upon  the  Bath  Water 
Works,  Me.,  the  construction  of  the  Woburn  sewerage  system,  a  plan  of 
a  sewerage  system  for  Stoneham,  Mass.,  the  Bar  Harbor  Water  Works, 
as  consulting  engineer  on  the  Willimantic,  Conn.,  and  Cambridge  Water 
Works,  and  as  one  of  a  board  of  arbitration  in  a  suit  for  mill  damages 
against  the  town  of  Attleboro,  Mass.  He  was  engaged  also  to  make  plans 
for  a  high-service  system  at  Lawrence,  Mass. 

As  an  engineer,  Mr.  Tidd's  most  striking  traits  were  his  remarkable 
mechanical  ability,  his  keen  observation,  his  fertility  of  resource,  and  his 
entire  honesty*  of  purpose. 

In  all  of  the  many  works  he  has  designed  and  built  he  made  no 
serious  mistakes — no  mistakes  that  led  to  faihu'e  or  to  the  rebuilding  or 
abandonment  of  any  of  his  work.  To  accomplish  this  result,  he  was  not 
guilty  of  a  lavish  or  wasteful  expenditure,  and  his  works  were  as  econom- 
ically built  as  was  consistent  with  excellence. 

As  a  man  he  was  always  genial  and  a  good  companion;  his  speech 
was  forcible  and  always  direct;  in  both  his  speech  and  acts  he  was  thor- 
oughly honest.  He  was  a  man  of  strong  prejudices,  a  good  friend,  but 
also  a  good  enemy  when  he  considered  himself  ill-treated.  In  his  rela- 
tions with  the  members  of  his  profession  he  was  liberal  and  generous, 
ever  ready  to  impart  freely  of  his  knowledge  or  from  the  result  of  his 
experience  to  a  brother  engineer  who  came  openly  to  him.  He  was  never 
too  busy  to  freely  advise  a  young  engineer,  and  to  open  to  liim  his  own 
note-books  and  working  drawings  with  tlie  utmost  patience  and  good-will. 
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His  relations  with  his  assistants  were  pleasant;  he  was  always  ready  to 
assist  them  in  the  profession;  he  never  seemed  to  fear  that  they  would 
learn  too  fast,  but  placed  them  in  important  positions  whenever  possible. 
He  was  certainly  a  good  engineer  for  a  young  man  to  work  with. 

To  know  a  man  completely,  it  is  necessary  to  know  his  recreations 
as  well  as  his  work.  In  earlier  life  Mr.  Tidd's  recreations  were  of  the 
active,  out-of-door  sort.  Later  in  life  his  greatest  interest  was,  perhaps, 
in  horticulture  and  the  care  of  his  grounds.  For  a  man  of  moderate 
means  he  had  a  very  fine  collection  of  shrubbery;  his  flowers,  fruit  trees, 
and  lawn  were  kept  in  the  best  of  order,  and  his  grounds  showed  remark- 
able taste.  He  was  a  life-member  of  the  Massachusetts  Horticultural  So- 
ciety, and  was  wonderfully  well-informed  in  the  details  of  raising  fruit  and 
flowers  and  the  care  of  shrubbery.  Another  of  his  favorite  recreations 
was  found  in  the  small  workshop  at  his  home,  which  was  a  model  in  its 
equipment  of  tools  and  their  neat  arrangement.  Purely  as  a  matter  of 
recreation,  he  would  often  repair  an  instrument  for  draughting  or  engi- 
neering, fitting  and  finishing  the  new  part  with  all  the  skill  of  an  expert 
instrument-maker.  In  this,  as  in  his  draughting  or  in  his  earlier  accom- 
plishments of  swimming  and  gunning,  he  appeared  to  take  a  quiet  satis- 
faction in  becoming  able  to  accomplish  all  that  could  be  done  by  one  with 
a  good  right  hand.  His  other  principal  recreation  was  attendance  upon 
the  meetings  and  excursions  of  the  several  engineering  societies  of  which 
he  was  an  enthusiastic  and  liberal  member. 

His  home  life  was  quiet  and  pleasant.  He  was  married,  when  about 
28  years  of  age,  to  Abba  S.  Cole,  who  died  July,  1893.  He  had  one 
daughter,  who  survives  him. 

He  was  a  man  of  pronounced  individuality,  active  and  alert,  both  in 
mind  and  in  body,  an  excellent  companion,  clean-minded,  frank,  open 
and  generous. 

He  became  a  member  of  the  Boston  Society  of  Civil  Engineers 
October  15,  1884,  and  of  the  American  Society  of  Civil  Engineers  October 
2,  1878. 

His  death,  which  occurred  August  20,  1895,  in  his  native  town  of 
Woburn,  Mass.,  was  occasioned  by  heart-failure,  the  result  of  a  severe 
attack  of  the  grippe  about  two  years  before. 


Detroit  Eusineeriiifi  So<ioty. 


Detroit,  Mich.,  May  21,  1897. — The  regular  monthly  meeting  was 
held  at  the  Hotel  Ste.  Claire,  Vice-President  William  J.  Keep  presiding, 
and  twenty-four  members  and  two  visitors  were  present. 

The  Committee  on  Legislation  submitted  the  following  report: 

To  the  Detroit  llngineering  Society: 

In  this  report  it  was  intended  to  bring  certain  questions  of  local  inter- 
est before  you,  but  through  failure  of  our  efforts  to  obtain  copies  of  several 
bills  now  pending  before  the  State  Legislature  we  have  considered  it  best 
to  postpone  their  consideration.  There  are,  however,  two  questions  of 
national  legislation  which  demand  the  consideration  of  the  Society.  The 
first  is  the  duty  imposed  upon  foreign  scientific  literature  by  the  Tariff  bill, 
now  ponding  before  Congress;  the  second  is  the  bill   for  the  adoption  of 
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the  metric  system  of  weights  and  measvires,  also  before  Congress  at  this 
time.  In  reference  to  the  former,  your  committee  recommends  that  the 
Society  request,  through  the  Michigan  Senators  and  Representatives  in 
Congress,  an  amendment  to  said  bill,  admitting  free  of  duty  all  scientific 
literature  and  all  other  literature  not  printed  in  the  English  language. 
Your  committee  would  further  lecommend  that  the  Society  petition  the 
Board  of  Education  that  the  metric  system  be  taught  in  the  public  schools. 
Very  respectfully  submitted. 
[signed]  David  A.  Molitor,  Chairman. 

On  motion,  the  report  was  accepted  and  referred  to  the  Executive 
Committee  and  the  committee  discharged. 

The  following  resolutions  were  then  presented  and  unanimously 
adopted: 

Whereas,  There  is  now  pending  before  our  State  Legislature  a  bill 
providing  for  manual  training  in  the  public  schools  of  this  city;  be  it  there- 
fore 

Resolved.  That  this  Society  most  earnestly  endorses  the  purpose  of 
said  bill,  and 

Resolved,  That  the  Secretary  be  instructed  to  express  to  the  Hon. 
William  G.  Thompson,  Senator  from  the  Second  Senatorial  District,  in 
behalf  of  the  Society,  a  request  that  he  use  his  influence  to  further  the 
passage  of  the  said  bill. 

The  name  of  Thomas  H.  Ferguson  was  proposed  for  membership. 

The  Executive  Committee  then  reported  that  the  next  meeting  would 
be  devoted  to  a  discussion  of  the  bill  now  pending  before  Congress  pro- 
viding for  making  the  metric  system  of  weights  and  measures  the  standard 
of  the  United  States  in  1900. 

The  paper  of  the  evening  was  then  read  by  Mr.  Frederick  A.  Ballin  on 
the  subject,  "Characteristics  of  Modern  Yachts  and  Launches,"  and  was 
discussed  by  ^Messrs.  Cooley,  Ekstrom,  Molitor,  Hitchcock,  Mattsson, 
Hinchman  and  Ballin. 

Adjourned. 

Gardner  S.  Willi.\ms,  Secretary. 
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Detroit  Eiigiiieeriug-  Society. 


Detroit.  Mich.,  June  i8,  1897. — Meeting  held  at  the  Hotel  St.  Claire, 
Vice-President  Dow  presiding  and  seventeen  members  present. 

The  nomination  of  Mr.  William  A.  Livingstone  as  member  of  the 
Board  of  Managers  of  the  Association  of  Engineering  Societies  was  unani- 
mously confirmed. 

Mr.  Thomas  H.  Ferguson,  being  reported  upon  favorably  by  the  Ex- 
ecutive Committee,  was  elected  to  resident  membership. 

The  Library  Committee\  presented  a  preliminary  report  and  was 
granted  further  time. 

The  Executive  Committee,  reporting  upon  the  report  of  the  Commit- 
tee on  Legislation  presented  at  the  last  meeting,  offered  the  following, 
which  was  unanimously  adopted: 

Whereas,  There  is  now  pending  before  the  Senate  of  the  United 
States  a  bill  to  revise  the  tariff  on  imports,  be  it  therefore 

Resolved,  That  the  Honorable  Senators  from  the  State  of  Michigan  be 
requested  to  use  their  influence  to  secure  an  amendment  to  the  said  bill, 
admitting  free  of  duty  all  foreign  philosophical,  scientific  and  technical 
literature  not  reprints  or  translations  of  American  works,  and 

Resolved,  That  the  Secretary  be  instructed  to  transmit  a  copy  of  these 
resolutions  to  the  said  Honorable  Senators. 

The  name  of  A.  B.  Raymond  was  proposed  for  resident  membership. 

The  society  then  proceeded  to  a  discussion  of  the  bill  now  pending 
before  Congress  to  make  the  metric  system  of  weights  and  measures  the 
standard  of  the  United  States  in  1900,  which  was  opened  by  Mr.  David  A. 
Molitor.  The  discussion  was  participated  in  by  Messrs.  Wisner,  Hinch- 
man,  Mattsson,  Adams,  Pope."  Keep,  Penton,  Woodruff,  McMath,  Wil- 
liams, Edw.  Molitor,  Campbell  and  Dow,  after  which  the  following  reso- 
lution was  unanimously  adopted: 

Resolved.  That  this  Society  most  heartily  indorses  the  bill  now  before 
Congress  providing  for  making  the  metric  system  of  weights  and  measures 
the  standard  of  the  United  States  in  1900. 

The  meeting  then  adjourned. 

G.^RDNER  S.  Williams,  Secretary. 
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l^iiniiUMM's'  Club  of  St.  Louis. 

456TH  Meeting,  June  2,  1897. — The  meeting  was  held  at  1600  Lucas 
Place,  at  8  p.m.,  with  President  Flad  in  the  chair.  Thirty-one  members  and 
three  visitors  were  present. 

The  minutes  of  the  455th  regular  meeting  and  238th  meeting  of  the 
Executive  Committee  were  read  and  approved. 

The  paper  of  the  evening,  by  Prof.  W.  K.  Hatt,  of  Lafayette,  Ind., 
was  then  read.  It  was  entitled  '"Notes  on  the  Location  of  Mountain  Rail- 
ways." The  general  problems  to  be  overcome  in  the  location  of  mountain 
railways  were  first  set  forth,  and  numerous  examples  of  their  solutions 
were  cited.  The  writer  described  the  Swiss  railways,  and  exhibited  plans, 
sections  and  lantern  slides  showing  views  along  the  lines.  Rack  railways 
and  cable  railways  for  mountain  service  were  described  and  illustrated. 
A  large  number  of  views  were  shown  of  the  Callao-Lima  Railway,  of  Peru, 
which  reaches  the  highest  point  and  exhibits  the  most  difificult  construction 
of  any  in  the  world.  A  general  discussion  followed  the  readinp^  of  this 
paper,  participated  in  by  Messrs.  Crosby,  Ockerson,  Harrington  and  Her- 
mann. 

There  being  no  further  business,  the  meeting  adjourned  to  the  library, 
where  lunch  was  served. 

Richard  McCulloch,  Secretary. 


Civil  Engineers'  Club  of  Cb'volsuul. 


Meeting  of  the  Civil  Engineers"  Club  of  Cleveland,  Case  Library 
Building,  Tuesday  evening,  June  8,  1897,  President  Ritchie  in  the  chair. 
Present,  thirty-five  members  and  two  visitors. 

The  Executive  Board  reported  the  reconsideration  of  the  resignation 
of  Mr.  John  Walker  and  his  transfer  to  corresponding  membership. 

The  applications  for  active  membership  of  the  following  were  reported 
as  approved  by  the  Board:  Charles  Edgar  Adams,  George  Isaac  Allen, 
William  Sanford  Bidle,  Lord  Mortimer  Coe,  John  Nash  Coffin,  Charles 
Ithamar  Dailey,  Ernest  Winfield  Hulet,  Arthur  Cameron  Johnston,  Francis 
F.  Prcntis,  William  Emerson  Schroeder,  George  Edgar  Titcomb  and  Rollin 
Henry  White. 

George  Henry  Kimball  and  John  Bruce  Haydcn  were  appointed  tellers 
to  canvass  the  ballots  for  the  election  of  new  members. 

Mr.  Hanlon  presented  an  invitation  from  the  Ohio  Institute  of  Mining 
Engineers  to  accompany  them  on  their  excursion  from  Sandusky  to  Lorain 
and  Cleveland  on  the  i6th,  17th  and  i8th  of  June.  On  a  motion  by  Mr. 
Rawson,  the  following  committee  was  appointed  to  attend  t(j  the  matter: 
William  H.  Searles,  chairman;  W.  B.  Hanlon,  J.  W.  Langley. 

On  a  motion  by  Dr.  Langlcy,  the  following  committee  was  appointed 
to  arrange  for  the  annual  picnic:  Dr.  J.  W.  Langley.  chairman;  I'.  A.  Co- 
burn,  W.  P.  Brown,  A.  L.  Hyde,  S.  T.  Dodd,  H.  C.  Thompson,  J.  P. 
Johnston. 

Mr.  Charles  W.  Ilopkinson  then  i)resented  the  paper  of  the  evening, 
entitled  "The  Piiilosophy  of  Architecture." 
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(i)  The  philosophical  development  of  the  desires  of  a  people  for  struc- 
tures. 

(2)  The  intimate  relation  of  a  people  to  the  resulting  architecture. 

(3)  The  development  of  the  actual  problem  between  client  and  archi- 
tect. 

(a)  The  study  of  the  .essentials  of  the  problem. 
(h)  The  philosophical  solution  of  the  plan. 

(c)  The  rational  development  of  the  structure. 

(d)  The  appropriate  and  logical  growth  of  the  design  as  a  whole. 

]\Ir.  Hopkinson's  paper  was  listened  to  with  attention.  An  interesting 
discussion  followed,  in  which  Messrs.  Searles,  Barnum,  Warner,  Herman 
and  others  took  part. 

Messrs.  George  Henry  Kimball  and  John  Bruce  Hayden  were  reported 
as  elected  to  active  membership. 

The  meeting  adjourned  and  a  light  lunch  was  served. 

F.  A.  CoBURN,  Secretary. 


Tecliiiical  Society  of  the  Pacific  ('oast. 


San  Francisco,  Cal.,  April  20,  1897. — A  musical  entertainment  was 
given  by  the  Technical  Society,  under  the  immediate  direction  of  Mr.  Her- 
mann Barth,  Director  Technical  Society,  on  the  evening  of  April  20,  1897. 

Provisions  were  made  to  entertain  the  members  and  their  guests  to  the 
number  of  two  hundred. 

The  musical  program  given  below  was  rendered  by  Mrs.  Hermann 
Barth,  pianiste;  Mr.  H.  D.  W.  Schmidt,  first  violin;  Mr.  H.  A.  T.  Schmidt, 
second  violin;  Mr.  Hermann  Barth,  viola;  Mr.  F.  C.  Hartwig,  'cello;  Mr. 
Melville  Toplitz,  flute. 

Recitations  were  also  given  by  Mrs.  C.  E.  Grunsky,  of  San  Francisco, 
and  Miss  Louise  Schild,  of  Vallejo. 

At  8.30  P.M.,  President  Molera  called  the  meeting  to  order,  and  referred 
to  the  object  of  the  social  gathering  as  one  intended  to  make  the  members 
better  acquainted  with  one  another,  and  to  afiford  an  opportunity  to  enter- 
tain the  Society's  friends. 

The  first  musical  number  by  Beethoven  was  then  begun,  and  the  pro- 
gram was  most  successfully  carried  through  to  the  end,  furnishing  a  most 
enjoyable  evening. 

program. 

1.  Piano    Quartette Beethoven 

2.  Hungarian  Dances,  5  and  6 Brahms 

(Strings,  Flute  and  Pianoforte). 

3.  Violin  Solo Henry  D.  W.  Schmidt 

a.  Romance,  Papini. 

b.  Mazourka,  Wieniawski. 

4.  Selections  from  "Faust"  Gounod 

(Strings,  Flute  and  Pianoforte). 

5.  Reading   Mrs.   C.    E.   Grunsky 

6.  Woodland  Whispers,  Waldesfliistern   Czibulka 

(Strings,  Flute  and  Pianoforte). 
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7.  Winterniiirchen   Saro 

String  Quartette. 

8.  The  Painter  of  Seville Miss  Louise  Schild 

(Recitation). 

9.  Czardas — Danse   Styrinnc jNIichels 

(Strings,  Flute  and  Pianoforte). 

After  the  playing  of  the  last  number  a  vote  of  thanks  was  tendered  to 
all  those  who  took  part  in  the  rendering  of  the  program,  and  the  guests 
were  invited  by  Mr.  Percy,  for  the  Society,  to  partake  of  refreshments  that 
were  served  after  adjournment. 

The  following  ladies  acted  as  hostesses  for  the  Society:  Mrs.  Geo.  W. 
Dickie,  Mrs.  C.  E.  Grunsky,  Mrs.  W.  F.  C.  Hasson,  Mrs.  E.  T.  Schild. 
Mrs.  Hermann  Barth,  Mrs.  Louis  Falkenau,  Mrs.  D.  C.  Henny.  Mrs.  G.  W. 
Percy,  Mrs.  £.dward  C.  Jones,  Mrs.  Otto  von  Geldern. 

Attest. 

Otto  von  Geldern,  Secretary. 


Regular  Meeting,  June  4,  1897. — Called  to  order  at  8.30  p.m.,  by  Past 
President  Grunsky. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  Chairman  announced  the  election  to  associate  membership  of  Mr. 
Adolph  Greub,  instrument-maker,  of  San  Francisco. 

The  paper  of  Mr.  Burr  Bassell  on  "The  Los  Angeles  Outfall  Sewer 
System  and  Sewage  Irrigation,"  discussed  by  letter  by  James  D.  Schuyler, 
Member  Technical  Society;  Gervaise  Purcell,  A.  M.  I.  C.  E.,  and  H.  Haw- 
good,  M.  I.  C.  E.,  was  received  by  D.  C.  Henny  and  opened  for  general  dis- 
cussion. 

Discussed  by  Messrs.  Allardt,  Henny,  Storey  and  others. 

The  Secretary  read  a  paper  written  by  Mr.  James  D.  Schuyler,  Member 
Technical  Society,  entitled  "The  Construction  of  the  Hemet  Dam,"  which 
was  generally  discussed  by  those  present. 

Mr.  Henny  moved  that  Mr.  Schuyler's  pai)er  be  open  to  written  dis- 
cussion, and  that  the  paper  be  held  until  such  discussions  have  been  re- 
ceived before  sending  it  to  the  Association  for  publication.  Seconded  and 
carried. 

Col.  Georgj  H.  Mendell,  chairman  of  committee  appointed  at  regu- 
lar May  meeting,  reported  that  the  committee  had  waited  upon  Col. 
Charles  R.  Suter,  Corps  of  Engineers,  U.  S.  A.,  and  that  Colonel  Suter  had 
agreed  to  address  the  Society,  on  some  future  occasion,  on  the  subject  of 
the  Mississippi  River. 

Adjourned. 

Otto  von  Geldern,  Secretary. 
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THE   FIRST  ENGINEER. 


By  W.  a.  Truesdell,  Member    Civil  Engineers'  Society 
OF  St.  Paul. 


The  University  of  Alexandria  was  the  glory  of  ancient  times. 
That  remarkable  seat  of  learning  was  founded  in  the  fourth  cen- 
tury B.  C,  and  flourished  for  a  thousand  years.  When  the 
Christian  religion  grew  to  importance  the  school  commenced  to 
decay,  and  it  was  finally  destroyed  by  the  followers  of  Mahomet  in 
the  year  641  A.  D. 

Among  the  teachers  and  scholars  assembled  at  Alexandria 
during  this  long  period  were  many  eminent  mathematicians,  who 
will  be  remembered  as  long  as  there  is  history.  It  was  here  that 
Euclid  lived  and  wrote  his  great  work.  These  men  gradually 
built  up  the  science  of  geometry,  until  at  about  the  time  of  the  birth 
of  Christ,  they  knew  as  much  of  that  subject  and  of  conies  as  we 
do  to-day.  During  two  thousand  years  nothing  has  been  added 
to  the  teachings  of  those  old  Greeks,  because  there  has  been  noth- 
ing to  add.     They  had  found  it  all. 

But  while  these  mathematicians  cultivated  the  science  of 
geometry  to  perfection,  they  did  it  only  for  the  sake  of  the  study 
itself.  They  either  could  not  or  would  not  see  anything  useful  or 
practicable  in  it.  They  objected  most  decidedly  to  the  idea  of 
removing  it  from  the  classical  domain  where  they  had  placed  it, 
and  considered  it  vulgar  and  degrading  to  apply  it  to  mensuration, 
surveying  or  any  other  practical  purpose.  In  this  they  were  all 
alike. 

Finally,  a  very  able  and  distinguished  man  appeared  among 
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this  group  of  philosophers,  who  departed  from  the  accustomed 
methods  of  thought,  and  pursued  a  new  Hue  of  study  and  for  an 
altogether  different  object;  who  sought  to  find  what  was  useful  in 
science  and  to  reduce  it  to  some  practical  application. 

This  was  Heron  or  Hero  of  Alexandria,  who  lived  in  that 
city  in  the  second  century  before  Christ.  He  was  a  pioneer  in  a 
new  field,  and  his  labors  and  their  results  are  so  unlike  those  of  the 
men  who  had  preceded  him  and  who  followed  after,  that  he  occu- 
pies a  position  alone  and  unique  in  the  long  list  of  Alexandrian 
scholars. 

He  was  a  famous  character  in  his  time,  and  his  name  is  famous 
yet  in  certain  departments  of  history.  As  a  mathematician  he  was 
eminent  among  giants.  In  natural  philosophy  he  was  far  in  ad- 
vance of  his  time,  and  w^as  acquainted  with  facts  and  principles 
which  moderns  have  never  given  the  ancients  credit  for.  x\s  an 
inventor  and  mechanic  he  constructed  a  large  number  of  machines 
and  mechanical  devices  that  have  served  as  prototypes  long  after, 
and  led  to  inventions  of  great  practical  importance. 

The  principles  of  land  surveying  were  original  with  him.  He 
constructed  the  first  surveying  instrument  and  taught  how  to  use 
it.  It  was  he  who  first  placed  surveying  and  engineering  on  a 
scientific  basis. 

This  old  Alexandrian  scholar,  who  lived  so  long  ago,  was  at 
once  mathematician,  mechanic,  and  inventor,  a  practical  surveyor 
and  engineer.  He  was  the  first,  of  whom  there  is  any  record,  to 
labor  for  a  system.  He  created  a  science  and  then  brought  it  to 
useful  and  practical  applications.  For  these  reasons  we  will  call 
him  the  first  engineer. 

We  know  very  little  of  Hero's  life.  It  is  only  from  his  writ- 
ings and  the  works  of  commentators  that  we  get  our  knowledge  of 
him.  It  is  supposed  that  he  was  an  Egyptian,  though  he  was  a 
Greek  in  training,  association,  and  education.  He  was  the  author 
of  quite  a  large  number  of  books,  some  of  which  are  now  lost,  and 
several  of  those  that  are  extant  consist  only  of  fragments.  His 
principal  works  have  been  translated  and  printed.  The  originals 
are  now  preserved  in  the  leading  libraries  of  Europe. 

Among  them  are  three  works  on  machines  of  ancient  warfare, 
in  which  are  described  all  the  then  known  implements  of  that 
character.  One  work  on  automata  describes  and  tells  how  to 
make  water  clocks  and  water  organs,  and  other  self-acting 
machines.  Two  others  contain  what  would  now  be  comprised  in 
an  elementary  book  on  mechanics  and  hydrostatics.  The  best- 
known  book  is  the  Pncumatica,  which  contains  descriptions  and 
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illustrations  of  a  large  number  of  machines  and  mechanical  con- 
trivances, many  of  which  were  his  own  invention.  Another  work, 
the  Dioptra,  is  a  treatise  on  land  surveying  and  leveling,  where  the 
first  principles  of  those  subjects  are  made  known  for  the  first  time. 
His  most  characteristic  work  is  a  synopsis  of  elementary  geometry 
and  mensuration,  where  he  treats  of  geometry  in  a  practical  man- 
ner and  gives  a  great  number  of  rules  of  application.  Besides 
these  works,  there  were  five  more  on  kindred  subjects,  which  are 
now  entirely  lost.  They  were  probably  destroyed  when  the 
Alexandrian  library  was  burned. 

In  the  third  century  A.  D.  there  was  in  the  Alexandrian  school 
an  eminent  mathematician  named  Pappus,  who  was  distinguished 
as  the  author  of  a  complete  synopsis  of  Greek  mathematics.  This 
work  is  now  preserved,  and  gives  the  only  knowledge  that  is  now 
known  of  the  lost  writings  of  the  Alexandrian  library.  Pappus 
mentions  these  five  lost  books  of  Hero  and  gives  an  account  of 
their  contents,  and  in  all  probability  they  were  as  valuable  as  the 
works  that  are  now  extant. 

This  list  of  fourteen  books  covers  the  whole  range  of  what 
was  then  known  of  practical  mathematics  and  mechanical  philo- 
sophy, the  result  of  great  labor  and  research,  all  written  by  one 
man  in  ancient  Egypt,  and  in  the  second  century  B.  C.  It  would 
be  quite  correct  to  say  that  practical  mathematics  and  mechanical 
philosophy  originated  with  the  author  of  these  books. 

Hero  was  an  able  mathematician  and  learned  all  that  the  text 
books  of  that  period  could  teach  him,  though  he  did  little  or  noth- 
ing to  extend  a  knowledge  of  abstract  mathematics.  He  was  pre- 
eminently a  practical  man,  and  was  interested  in  science  only  on 
account  of  its  application.  If  his  results  were  true,  he  did  not  care 
for  any  theoretical  reasoning  by  which  they  were  obtained.  He 
did  not  hesitate  to  add  lines  to  areas  or  to  multiply  squares  by 
squares,  a  proceeding  which  always  raised  a  storm  of  objections. 
What  concerned  him  most  about  any  principle  was,  what  good  is 
it  and  how  can  it  be  used,  and  his  whole  life  was  devoted  to  teach- 
ing people  how  to  use  what  others  had  found.  If  he  made  any  in- 
vestigation of  his  own  or  originated  anything  new,  it  w^as  always 
something  important  and  practical.  The  early  trigonometry,  in 
Avhich  chords  were  used  instead  of  sines,  had  always  been  consid- 
ered a  part  of  astronomy,  or  an  appendage  to  that  science.  He  was 
the  first  to  think  differently,  and  to  make  practical  applications.  He 
attempted  a  solution  of  that  famous  old  problem,  the  duplication  of 
the  cube,  but  only  for  the  purpose  of  showing  how  a  machine  of 
warfare,  known  as  the  catapult,  could  be  increased  three-fold  in 
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power.  He  originated  new  methods  in  numerical  calculations, 
and  used  to  nmltiply  and  divide  in  a  manner  which  is  essentially 
the  same  as  we  do  at  present.  He  was  the  first  to  give  a  methodi- 
cal rule  for  the  extraction  of  square  roots.  At  that  time  all 
numerical  calculations  were  founded  on  a  geometrical  interpreta- 
tion, and  no  other  method  was  countenanced  by  the  Alexandrian 
philosophers.  Hero  persisted  in  using  methods  of  his  own,  which, 
if  supplied  with  a  proper  symbolism,  would  have  been  pure  algebra. 
In  his  works  he  gives  problems  with  solutions  which  require  quad- 
ratic equations.  This  is  the  first  record  of  anyone  who  could  per- 
form such  calculations. 

In  his  researches  in  natural  philosophy,  Hero  was  the  greatest 
of  all  ancient  scholars.  That  subject  had  received  but  little  atten- 
tion before  his  time.  He  experimented  and  wrote  on  the  elastic- 
ity of  air  and  of  steam.  He  was  acquainted  with  the  pressure  of 
fluids,  and  wrote  on  hydrostatics  and  hydraulics.  He  explained 
how  to  find  the  center  of  gravity  of  the  diliferent  geometrical 
figures  and  solids.  From  what  was  then  known  of  motion  and 
force,  he  deduced  the  five  mechanical  powers,  the  lever,  wedge, 
screw,  pulley  and  wheel-and-axle,  and  called  them  by  names  cor- 
responding with  those  used  to-day.  He  afterwards  discussed  at 
length  the  problem  of  moving  a  given  weight  with  a  given  power, 
and  showed  how  to  unite  and  combine  those  mechanical  powers 
in  different  ways,  so  as  to  get  the  best  results.  In  his  books  on 
war  engines,  he  explains  the  construction  and  principle  of  those 
machines,  and  gives  suggestions  how  to  increase  their  power  and 
effectiveness. 

But  Hero's  reputation  as  a  practical  man  is  still  greater  when 
his  achievements  as  a  mechanic  and  inventor  are  considered.  The 
best-known  and  the  most  interesting  of  his  books  is  the  Pncu- 
matica,  in  which  he  describes  and  illustrates  over  one  hundred 
machines  and  mechanical  contrivances,  some  of  which  are  exceed- 
ingly ingenious.  He  states  that  he  is  the  inventor  of  most  of  them, 
but  does  not  specify  these.  It  is  probable  that,  as  he  constructed 
them,  they  were  only  intended  for  models  to  illustrate  his  experi- 
ments and  researches. 

One  of  the  machines  described  in  the  Pncmnatica  was  called 
the  Fountain,  and  is  a  familiar  object  to  those  who  remember  the 
old  text  books  on  natural  philosophy.  By  this  contrivance  air  is 
condensed  in  a  chamber  by  means  of  a  column  of  water,  and  the 
air,  in  turn,  raises  another  colunm  to  a  height  equal  to  that  of  the 
condensing  column.  This  is  the  oldest  pressure  engine  known, 
and  it  has  been  imitated*  in  modern  times.     A  machine  verv  much 
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similar  and  acting  on  tlie  same  principle  was  once  employed  to 
raise  water  from  a  mine  in  Hungary,  where  it  was  long  celebrated. 
By  means  of  a  spring  140  feet  above  the  mouth  of  a  shaft,  water 
was  raised  from  the  bottom,  ,104  feet,  to  the  top,  and  the  mine  was 
thus  drained. 

Another  remarkable  machine  described  and  illustrated  in  the 
Pneumatica  is  a  fire  engine,  invented  and  constructed  by  Hero 
himself.  This  was  founded  on  the  principle  of  atmospheric  pres- 
sure, and  did  not  differ  in  its  essential  parts  from  a  fire  engine  of 
modern  construction.  It  consisted  of  two  brass  forcing  pumps, 
each  with  a  valve  and  piston  connected  to  one  discharging  pipe. 
The  pistons  were  worked  by  a  double  lever.  The  two  pumps  were 
secured  to  a  wooden  base  which  was  partly  immersed  in  water, 
and  the  whole  arrangement  was  mounted  on  a  sort  of  carriage. 
The  discharge  pipe,  into  which  the  water  was  pumped,  terminated 
in  an  air-chamber,  and  from  this  chamber  the  water  was  forced 
through  another  pipe,  which  could  be  turried  in  any  direction  by 
means  of  a  swivel  joint.  The  principle  of  the  whole  machine,  the 
two  pumps,  pistons,  valves  and  air-chamber,  the  outlet  and  inlet 
pipes,  was  the  same  as  employed  in  engines  of  like  character  in 
modern  times. 

In  the  Pncinnatica  we  have  also  an  account  of  the  first  steam 
engine  ever  known.  It  could  not  have  been  of  any  practical 
utility,  but  it  was  the  first  instance  where  motion  was  produced  by 
steam.  This,  also,  is  a  familiar  object,  and  has  often  been  de- 
scribed and  illustrated.  ■  It  consisted  of  a  hollow  sphere  furnished 
W'ith  two  arms  at  right  angles  to  its  axis,  and  bent  in  opposite  direc- 
tions at  the  ends.  The  sphere  was  suspended  between  two  upright 
columns,  which  were  bent  at  their  extremities.  One  of  them  was 
hollow,  and  through  it  the  steam  passed  from  a  boiler  below  to  the 
sphere,  and  the  escape  of  the  vapor  through  the  small  tubes  pro- 
duced a  rotary  motion.  The  principle  employed  in  this  ancient 
contrivance  has  been  patented  in  Europe  no  less  than  six  different 
times,  and  that  early  effort  of  Hero  has  been  developed  into  ma- 
chines of  great  usefulness.  It  was  a  forerunner  of  the  primitive 
Barker's  water  mill  and  the  modern  turbine. 

Another  apparatus  described  deserves  mention,  because  it  was 
the  prototype  of  a  class  of  engines  that  became  long  afterward 
practically  important.  This  was  a  heat  engine,  in  which  expanded 
air,  by  means  of  fire,  was  made  to  open  and  close  doors,  and  was 
used  in  temples,  theatres  and  other  public  buildings.  •  This  was  the 
first  step  toward  what  is  now  the  modern  steam  engine.  Eighteen 
hundred  years  after  a  machine  working  on  the  same  principle,  but 
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with  steam  instead  of  air,  was  patented  in  Europe  by  Thomas 
Savary,  and  was  used  for  pumping  water  from  mines  in  England 
and  Scotland  until  the  beginning  of  the  present  century. 

In  the  Pnciimatica  more  than  twenty  different  forms  of  the 
siphon  are  described,  or  rather  that  many  different  methods  of 
using  the  instrument  are  illustrated.  Hero  explains  how  it  can  be 
employed  to  drain  or  irrigate  land,  by  conveying  water  a  long  dis- 
tance over  hills  and  valleys.  From  him  we  learn  that  it  was  ex- 
tensively used  at  that  time  to  irrigate  lands  bordering  on  the  desert. 

The  Pnnunatica  was  much  sought  after  and  studied  during 
the  sixteenth  century  by  mechanics,  engineers  and  all  others  en- 
gaged in  mechanical  research.  It  was  a  veritable  feast  to  men  like 
Fludd,  Porta  and  Galileo,  who  made  great  use  of  it,  the  former 
without  any  acknowledgment. 

Hero's  principal  and  most  characteristic  work  is  his  practical 
geometry  and  mensuration.  This  was  the  first  effort  to  use 
geometry  for  practical  purposes,  and  was  in  direct  opposition  to  the 
teachings  of  the  Alexandrian  school.  He  gives  a  large  number  of 
rules  and  formulas,  usually  without  proof,  for  finding  the  areas  of 
all  geometrical  figures,  from  triangles  to  segments  of  the  circle, 
also  polygons  of  any  number  of  sides,  and  fields  of  different  shapes 
and  with  irregular  outline,  and  then  tells  how  to  find  the  height  of 
an  inaccessible  object.  Afterwards,  rules  for  finding  the  volumes 
of  all  the  different  solids,  and  then  shows  how  they  can  be  made 
useful  in  the  practice  of  architecture,  such  as  theatres,  halls,  baths, 
etc.     The  book  concludes  with  a  table  of  weights  and  measures. 

The  most  interesting  to  us  of  all  Hero's  books  is  the  Dioptra, 
which  is,  in  reality,  a  treatise  on  land  surveying.  It  is  the  first 
book  ever  written  on  that  subject,  and  is  a  collection  of  the  earliest 
rules  and  principles  ever  used  by  any  surveyor.  Hero  was,  with- 
out any  doubt,  the  originator  of  systematic  surveying  and  leveling. 

First,  there  is  a  description  and  illustration  of  the  instrument 
called  the  dioptra,  which  was  the  original  transit  or  theodolite  and 
level.  The  greater  part  of  the  book  consists  of  thirty-three  prob- 
lems, most  of  them  relating  to  surveying  and  leveling,  with  their 
solutions  by  aid  of  this  instrument. 

The  dioptra,  as  it  is  described  and  illustrated  by  Hero,  was 
constructed  in  the  following  manner:  The  whole  instrument,  with 
the  exception  of  a  glass  water  level,  was  made  of  brass,  and  was 
about  five  feet  high.  The  lower  part  or  support  was  a  hollow 
cylinder  about  three  feet  in  length,  with  three  sharp  prongs  at  the 
bottom  to  hold  it  firmly  to  the  ground,  and  a  small  weight  was 
suspended  by  a  string  at  one  side,  to  show  when  it  was  vertical. 
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On  top  of  this  support  a  large  circular  plate  was  fastened,  always 
in  a  'horizontal  position  when  the  instrument  was  in  use.  Above 
this  was  a  second  hollow  cylinder  less  than  a  foot  in  length,  and 
enveloping  a  spindle  of  the  same  length,  which  was  fastened  to  the 
large  circular  plate.  The  bottom  of  this  second  cylinder  was  a 
cog-wheel,  of  a  diameter  less  than  that  of  the  circular  plate  on 
which  it  rested,  and  the  top,  by  way  of  ornament,  was  finished  ofif 
like  a  Doric  column,  with  a  square  capital  on  top.  A  long  screw 
was  fastened  to  the  circular  plate  by  two  pins  and  tangent  to  the 


P^IG.    I. 


Fig.  2. 


cog-wheel.  By  turning  this  screw  all  of  the  instrument  above  the 
circular  plate  could  be  revolved  in  a  horizontal  direction  around 
the  stationary  spindle.  Above  the  square  capital  were  two  vertical 
blades  or  standards,  about  a  foot  long,  and  between  them,  at  the 


Fig.  I  represents  the  dioptra  as  it  is  described  and  illustrated  by  Hero, 
but  some  of  the  problems  which  he  gives  required  an  instrument  of  some- 
what different  construction.  These  are  Problems  16,  17  and  28.  In  the 
original  manuscript  there  is  a  blank  space,  which  is  supposed  to  have  been 
meant  for  another  illustration.  Fig.  2  is  this  illustration,  as  restored  by 
Venturi,  an  Italian  commentator. 
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top,  was  a  rule  or  straight  edge,  six  feet  in  length,  and  hung  to 
them  by  a  pin  or  journal,  to  allow  a  movement  of  the  straightedge 
in  a  vertical  plane.  Below  the  straightedge,  and  between  the 
standards,  was  a  vertical  semi-circle,  cogged  at  its  outer  edges  and 
turned  by  a  long  screw  fastened  to  the  square  capital.  On  top  of 
the  straightedge  a  long  water  level  was  placed,  and  at  each  end 
v/as  a  thin  blade  with  a  slit  cut  in  it,  through  which  the  observer 
could  look. 

The  dioptra  could  be  used  for  staking  out  straight  lines  or  for 
leveling.  To  lay  off  a  right  angle,  two  little  points  or  marks  on 
the  large  circular  plate  were  used.  The  upper  cylinder  was  placed 
first  at  one  of  these  marks,  and  a  line  was  set  on  the  ground.  The 
cylinder  was  then  turned  to  the  other  mark  by  the  lower  tangent 
screw,  and  thus  gave  a  line  at  right  angles  to  the  first.  For  level- 
ing, it  was  only  necessary  to  bring  the  straightedge  to  a  horizontal 
position  by  the  upper  tangent  screw. 

Hero  also  describes  what  he  calls  two  poles,  which  were  used 
with  the  dioptra,  either  as  leveling  rods  or  as  pickets;  that  is,  one 
for  a  foresight  and  the  other  for  a  backsight.  Each  of  these  poles 
was  about  fifteen  feet  long,  four  inches  wide,  and  two  and  one-half 
inches  thick.  In  the  middle  of  one  side,  and  for  the  whole  length, 
a  dove-tailed  groove  was  cut,  and  in  this  a  tenon  was  placed  so  as 
to  move  easily.  On  this  tenon  a  circular  target,  nine  inches  in 
diameter,  was  fastened,  one-half  painted  white,  the  other  half  black. 
A  cord  tied  to  the  target  ran  over  a  grooved  wheel  at  the  top  of 
the  rod,  and  could  be  tied  to  a  pin  on  the  back  of  the  rod.  The 
target  was  raised  by  this  cord  and  lowered  by  its  own  weight.  The 
rod  was  divided  into  cubits,  palms  and  digits,  conmiencing  at  the 
bottom.  To  hold  the  rod  in  a  vertical  position,  a  small  weight 
was  suspended  by  a  cord  from  the  end  of  a  short  pin  at  the  top. 

The  dioptra  was  the  only  surveying  instrument  known  for  a 
very  long  period.  It  was  introduced  into  Rome,  where  it  was 
extensively  used  by  the  Roman  surveyors  for  at  least  five  or  six 
centuries,  both  as  a  transit  and  as  a  level.  While  the  Em]Mre  was 
at  the  zenith  of  its  power,  the  Romans  carried  on  quite  a  large 
system  of  im])rovements.  They  were  great  surveyors,  great  map 
makers,  and,  in  a  practical  way,  great  engineers.  In  the  construc- 
tion of  their  military  roads,  arch  bridges,  harbor  improvements  and 
extensive  a(|Uoducts,  all  the  necessary  instnnnent  work  was  done 
with  the  dioptra  in  the  same  manner  that  Hero  had  taught. 

The  circular  plate  on  the  dioi:)tra  was  not  divided  into  degrees, 
and  only  right  angles  could  be  measured  with  it.  It  does  not 
appear  that  the  graduated  circle  was  ever  used  in  ancient  times. 
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For  measuring  angles  at  that  time  the  cross  staff  was  used.  This 
was  seldom  required,  and  then  mostly  for  astronomical  purposes. 
It.  is  probable  that  in  surveying,  angles  were  determined  by  chords. 
In  the  latter  part  of  the  fifteenth  century,  when  trigonometry  had 
become  something  of  a  science,  one  quadrant  of  the  circle  was 
divided  into  degrees,  and  some  years  later  the  opposite  quadrant 
was  graduated,  to  give  the  benefit  of  a  second  reading.  About 
one  hundred  and  fifty  years  after  this,  or  in  1631,  the  vernier  was 
invented  and  added  to  the  instrument.  It  was  only  about  one 
hundred  and  thirty  years  ago  that  the  whole  circle  was  graduated 
for  the  first  time. 

The  following  problems  are  all  contained  in  the  Dioptra. 
Each  solution  is  written  out  at  length,  and  every  operation  is  ex- 
plained in  detail  in  Hero's  book.  A  very  brief  outline  only  of 
these  solutions  is  given  here.  The  figures  are  exact  copies  of  the 
originals,  except  the  lettering: 

(j)     To  find  the  difference  of  level  befzvecn  two  points. 


Fig.  3. 

The  solution  of  this  problem  is  similar  to  those  given  in 
modern  text  books.  A  supposed  case  is  illustrated,  and  the  author 
gives  very  minute  directions  about  placing  the  dioptra  and  leveling 
rods  at  each  successive  stage  of  the  operation. 

The  backsights  he  enters  in  a  column  marked  "down,"  and 
the  foresights  in  one  marked  "up,"  and  after  adding  the  two 
columns  he  takes  the  lesser  sum  from  the  greater  for  the  difiference 
of  level.  He  concludes  with  some  remarks  about  the  usefulness 
of  this  process  in  conducting  water  from  any  place  to  a  lower  one, 
and  around  intervening  elevations  and  depressions. 

(2)  To  rim  a  line  from  a  given  point  to  a  second  point  zuhich 
cannot  be  seen  from  the  iirst.     (Fig.  4,  page  10.) 

Hero's  solution  of  this  problem  makes  a  modern  surveyor 
think  of  latitude  and  departure.  His  process  is,  in  reality,  an  ap- 
plication of  that  method. 

Let  A  and  B  be  the  two  given  points.  Connect  them  with 
the  dioptra  by  several  different  lines,  making  each  line  of  any  con- 
venient length,  and  at  right  angles  to  the  one  preceding  it.  Write 
the  lengths  and  add  them  as  follows: 
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A  G  =  20 

cubits. 

G   D    =   22 

D  E  =   ^6 

a 

E  Z  =   30 

Z  H  =  14 

i( 

H  C  =  12 

C  K  =  60 

li 

K   L   :=      8 

L  B  =  50 

a 

— 

72 


32 


This  gives  A  M  =  •/2  cubits  and  M  B  r=  32  cubits.  Measure 
on  A  M  any  distance  A  T  =  9,  and  make  72  :  32  :  :  9  :  T  U  =  4. 
Also  measure  U  F  any  distance,  say  18  cubits,  and  make  72  :  32  :  : 
18  :  F  Q  ^  8.  Continue  this  operation  and  get  U,  O,  etc.,  points 
on  the  required  Hne. 

(5)  To  measure  the  horizontal  distance  to  an  elevated  distant 
point  zvitJiout  approaching  it.      (Fig.  5.) 

Let  B  be  the  distant  point.  With  the  dioptra  at  A,  mark  the 
point  G  and  lay  off  the  perpendicular  A  D,  also  G  E  of  any  con- 
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Fig.  5. 


venicnt  length.     With  the  instrument  at  E,  mark  the  point  D  on 
line  with  11,  and  measure  A  D  and  A  G. 

Then  the  required  distance  A  B  will  be  that  part  of  B  G  that 
A  D  is  of  E  G.  It  will  then  be  known  what  part  A  G  is  of  .B  G 
or  of  A  B,  and  the  latter  line  can  be  easily  determined. 

(4)  To  find  tv.'////  the  dioptra  the  zcidth  of  a  river,  remaining  on 
one  and  the  same  side. 

This  problem  is  merely  a  continuation  of,  ro  an  application  of, 
the  preceding  one.  It  was  long  afterwards  a  favorite  w'ith  the 
military  engineers  attached  to  the  Roman  armies,  and  was  called 
by  them  a  problem  in  strategy. 

(5)  To  nwasnrc  tlic  Jwriconfal  distance  betzvecn  tzco  distant  in- 
accessible points. 

First  solution.  Fig.  6.  Let  A  and  B  be  the  two  given  points. 
From  any  assumed  point  G,  lay  off  G  D  at  right  angles  to  A  G. 
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Set  the  dioptra  at  E  so  that  E  B  will  be  perpendicular  to  G  D,  and 
by  problem  3  find  A  G  and  E  B.  Measure  the  difference  of  these 
distances  E  Z  on  E  B.  Then  G  Z  will  be  parallel  and  equal  to  A 
B,  and  can  be  measured  on  the  ground. 

Second  and  third  solutions.  Figs.  7  and  8.  From  the  as- 
sumed point  G,  calculate  A  G  and  G  B  by  problem  3.  Lay  off 
G  D  equal  to  one-tenth  of  A  G,  and  G  E  equal  to  one-tenth  of  G  B. 
Measure  D  E,  which  will  be  one-tenth  of  A  B. 

(6)  To  lay  off  on  the  ground  a  pcrpendicnlar  to  an  inaccessible 
line  at  one  of  its  extremities.     (Fig.  9.) 

Let  A  be  one  extremity  of  an  inaccessible  line  A  B.  Hero's 
solution  of  this  problem  is  to  lay  off  a  line  G  D  parallel  to  A  B  by 
problem  5,  and  then  by  trial  to  find  the  point  E,  so  that  a  perpen- 
dicular E  A  to  G  D  will  pass  through  the  point  A. 


Fig.  6 


Fig. 
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(j)  To  measure  the  vertical  lieight  of  an  inaccessible  point. 
(Fig.  10.) 

Let  A  be  the  elevated  point,  B  Z  C  L  R  the  surface  of  the 
ground,  and  B  P  the  plane  of  the  horizon  at  the  point  of  observa- 
tion B.  Calculate  the  horizontal  distance  B  P  by  problem  3.  Set 
two  pickets  H  Z  and  K  C  so  that  their  tops  are  in  line  with  A. 
By  leveling,  find  Z  M  and  N  C.  Then  we  will  have  H  M  and  K  N. 
Measure  H  X,  and  K  O  will  be  known.  By  similar  triangles  A  O 
is  found,  and  this  added  to  K  N  gives  A  P  the  height  required. 

(6*)  To  measure  the  difference  of  heiglits  of  tzvo  inaccessible 
points. 

(p)     To  measure  their  distance  apart. 

(lo)     To  determine  the  position  of  a  line  zvhich  joins  them. 
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(j/)     As  an  application,  to  measure  the  height  of  a  motmtain. 

The  solutions  of  these  four  problems  are  merely  a  continuation 
and  application  of  the  preceding  ones,  especially  of  problems  3,  5 
and  7.  Problem  11  consists  of  remarks  and  directions  about 
measuring  and  locating  the  different  points  on  a  mountain. 

(12)     To  measure  the  vertical  depth  of  an  excavation.     (Fig.  11.) 

Let  A  D  O  be  the  horizontal  plane.  With  the  dioptra  at  E, 
set  two  rods  K  N  and  X  M  with  their  tops  on  line  with  the  point 
B  at  the  bottom  of  the  excavation.  Measure  A  O  by  preceding 
methods,  also  K  M,  and  by  leveling  K  S  and  M  O.  By  the  two 
similar  triangles  X  N  R  and  X  B  P,  X  P  can  be  found,  and  as  X  O 
is  known,  O  P  or  its  equal  A  B  is  known,  which  is  the  vertical  dis- 
tance required. 

(75)  To  cut  a  tunnel  through  a  mountain  from  one  given  point 
to  another.     (Fig.  13.) 

Let  A  B  G  D  be  the  base  of  the  mountain,  and  B  and  D  the 
two  points.     Run  the  lines  B  E,  E  Z,  Z  H,  etc.,  each  one  at  right 
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Fig.  12. 


angles  to  the  one  which  precedes  it,  to  K  L.  On  K  L  find  the  point 
M,  so  that  a  perpendicular  to  K  L  will  pass  through  D.  Find  B  N 
and  N  D  the  same  as  in  problem  2.  Lay  ofY  O  B  X  and  DPR 
each  similar  to  B  N  D.  X  B  will  give  the  direction  at  the  portal 
B,  and  P  D  at  the  portal  D.  The  author  adds  that  "to  insure  the 
success  of  the  operation,  it  will  be  necessary  to  plant  a  picket  at 
some  point  in  X  B  and  P  D  produced,  so  that  the  workmen  will 
finish  by  meeting  each  other." 

(i/\.)  To  sink  vertical  shafts  to  meet  a  horizontal  tunnel. 
(Fig.  13.) 

G  A  B  D  is  the  line  of  the  tunnel;  the  portals  at  A  and  B. 
Place  the  instrument  at  H  on  line  with  two  pickets  at  G  and  A. 
Move  the  picket  at  G,  and  place  it  on  line  at  M.  Then  carry  the 
dioptra  to  X  on  line  with  the  pickets  at  A  and  M.  Move  the 
picket  at  A  and  place  it  on  line  at  O,  and  so  on.  This  will  give 
points  like  M  and  O  for  shafts,  directly  over  the  tunnel. 

The  author  says,  in  addition,  "that  for  correctness,  these  points 
should  also  be  established  from  the  line  B  D." 
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Problem  15.  Having  given  a  crooked  subterranean  gallery,  to 
find  on  the  ground  above  a  point  from  which  to  sink  a  shaft  to  a  given 
point  in  the  gallery.  "So  that  material  for  construction  may  be  low- 
ered, and  the  debris  removed  in  case  a  crumbling  place  is  reached."' 
(Fig.  14.) 

In  the  given  solution  two  shafts  are  already  excavated.  A  B 
D  G  E  is  the  gallery,  and  M  the  required  point.  A  plumb  line  is 
lowered  in  each  shaft  and  the  two  points  P  and  X  marked  on  the 
floor  of  the  gallery.  On  the  line  P  X  S  a  series  of  triangles  are 
measured  ofif,  so  that  a  side  of  the  last  one  will  pass  through  the 
point  M.  These  triangles  are  then  laid  off  on  the  ground  above 
and  the  point  V  is  located,  from  which  a  shaft  would  reach  the 
given  point  M. 

Problem  16.  This  consists  of  directions,  showing  how  to 
locate  and  draw  the  shore  lines  of  a  river  or  harbor.  Problem  17 
explains  how  to  throw  up  or  grade  any  given  area  of  ground  in  the 
form  of  a  spherical  surface,  and  Problem  18  how  to  grade  or  slope 
a  piece  of  ground  of  any  shape  to  a  given  inclination. 


Fig.  13. 


Fig.  14. 


(ip)  To  measure  in  a  given  direction  any  given  distance. 
(Fig.  1 5-) 

This  problem  reminds  one  of  stadia  surveying.  The  dioptra  is 
set  up  on  a  level  piece  of  ground,  with  a  vertical  rod  a  short  dis- 
tance away.  Opposite  to  the  rod,  distances  are  measured  off  on  the 
ground.  Marks  are  now  made  on  the  rod  where  lines  of  sight 
strike  it,  which  pass  from  the  points  on  the  ground  through  both 
eye-pieces  of  the  dioptra.  In  this  manner  the  rod  is  graduated, 
and  may  be  used  with  the  dioptra  to  lay  ofif  any  length,  or  to 
measure  to  an  inaccessible  object,  always  placing  the  rod  the  same 
distance  from  the  dioptra  that  it  was  when  graduated. 

(20)  From  a  distant  inaccessible  point,  to  lay  off  a  given  dis- 
tance in  a  given  direction.     (Fig.  16.) 

A  is  the  given  point,  B  the  dioptra.  Find  A  B  according  to 
problem  3.  On  A  B  take  B  G,  which  may  be  any  part  of  it.  Lay 
oflf  D  G  parallel  to  the  given  direction  by  problem  5,  and  make  it 
the  same  part  of  the  given  distance  that  B  G  is  of  A  B.     Produce 
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B  D  and  make  B  E  the  same  multiple  of  B  D  that  A  B  is  of  B  G. 
A  E  will  be  the  required  line. 

(21)  To  measure  the  area  of  a  Held  of  irregular  shape.     (Fig. 

In  the  field  a  rectangle  is  laid  out,  having  three  of  its  corners 
in  the  irregular  boundary.  From  the  sides  of  the  rectangle  offsets 
or  ordinates  are  taken  to  the  boundary,  at  certain  intervals  or 
Avhenever  necessary,  and  dividing  into  triangles  and  trapezoids  the 
field  outside  of  the  first  rectangle.  From  these  data  the  area  is 
calculated  by  finding  the  sum  of  all  the  interior  figures. 

A  second  solution  is  given  where  the  boundary  is  made  up  of 
straight  lines.     The  field  is  divided  into  triangles  and  trapezoids. 

(22)  To  restore  lost  comers  of  a  field.     (Fig.  18.) 

A   field   with   an   irregular  boundary   is   given.     In   the   first 
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place,  to  represent  on  paper  a  plan  of  this  field.  The  irregular 
boundary  is  determined  by  straight  lines,  drawn  so  that  those 
marking  the  ends  of  the  field  will  be  at  right  angles  to  those  which 
determine  the  sides.  The  interior  is  then  divided  into  triangles 
and  rectangles.  The  lengths  of  all  the  sides  of  the  interior  figures 
are  measured  and  marked  on  the  plan.  In  a  field,  represented  by 
the  above  figure,  all  the  boundaries  except  the  points  B  and  C  are 
gone.  It  is  required  to  restore  the  lost  corners  on  the  ground,  for 
example,  the  one  at  A.     (Fig.  19.) 

Measure  in  the  field  a  line  from  B  to  C.  B  G  is  supposed  to 
be  parallel  to  the  longitudinal  lines  of  the  field,  though  not  yet 
determined  on  the  ground.     Take  B  T  any  part  of  B  C  and  in  the 
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triangles  B  T  U  and  B  C  S,  B  S  and  C  S  are  known  from  the  plan, 
and  B  U  and  T  U  can  be  calculated  by  proportion.  Mark  on  a 
chain  F  Q  equal  to  B  U,  and  Q  V  equal  to  T  U,  and  with  the  end 
F  at  B  and  V  at  T,  stretch  the  chain  and  O  will  give  the  point  U, 
Avhich  will  locate  the  line  B  G  on  the  ground.  On  B  G  lay  off  B  K 
according  to  the  plan,  and  erect  K  A  perpendicular  to  B  K.  This 
will  re-establish  the  corner  A.  This  is  as  far  as  the  solution  goes, 
but  it  concludes  with  the  remark  that  all  the  other  corners  can  be 
restored  by  processes  similar  to  the  one  here  explained. 

(<?j)  To  divide  a  field  info  given  porfions  by  lines  sfarting  from 
.tJic  same  poinf.  "Suppose,  for  example,  that  the  given  point  is  a 
reservoir  of  water,  which  all  the  owners  of  the  field  are  to  use." 
(Fig.  20.) 

Calculate  the  area  of  the  whole  field.  It  is  required  to  divide 
it  into  seven  equal  parts  by  lines  starting  from  M.  Take  the 
triangle  A  M  B  and  find  its  area.  If  more  than  one-seventh  of 
the  whole  field,  find  the  triangle  B  M  X  equal  to  the  surplus,  and 


Fig.  20. 


then  A  M  X  will  be  the  first  required  part.  If  A  M  B  is  less  than 
one-seventh,  find  B  M  O  equal  to  the  deficiency,  and  then  A  M  O 
is  the  first  seventh  part.  In  the  triangle  B  M  X,  to  find  B  X  we 
have  the  area  and  the  altitude  M  N,  from  which  B  X  is  easily 
found.  Operating  in  the  same  manner  on  the  other  triangles,  the 
whole  field  will  be  divided  into  seven  equal  portions. 

(24)  To  measure  a  field  withont  entering  it,  ''by  reason  of  thick 
vegetation  or  because  it  is  not  permitted  to  enter  it."     (Fig.  21.) 

A  B  G  D,  etc.,  is  a  given  field.  Prolong  C  H  to  L  and  Z  H 
to  K,  so  that  H  K  is  the  same  part  of  H  Z  that  H  L  is  of  H  C. 
Then  from  K  L  we  can  find  C  Z,  and  from  the  triangles  K  H  L 
the  triangle  GHZ  can  be  found.  K  L  is  parallel  to  C  Z.  C  may 
not  be  visible  from  Z.  Prolong  H  Z  and  make  Z  INI  equal  to  H  K. 
With  a  chain  equal  to  K  L  plus  L  H.  and  with  its  ends  at  Z  and  M, 
mark  the  point  N  on  the  ground.     This  will  give  C  Z  produced. 


i6 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


Prolong  E  Z  to  X,  so  that  Z  X  is  any  part  of  E  Z,  and  make  Z  O 
the  same  part  of  C  Z.  This  will  give  Z  X  O  a  triangle  similar  to 
C  Z  E,  and  the  area  of  C  Z  E  can  be  obtained.  In  the  same  man- 
ner calculate  the  areas  of  the  remaining  triangles,  from  which  the 
area  of  the  whole  field  can  be  found. 

(25)     To  divide  a  trapezoid  by  a  line  parallel  to  its  base. 

The  inclined  sides  of  the  trapezoid  are  produced  to  an  inter- 
section, and  the  similar  triangles  so  formed  gives,  by  proportion, 
the  length  of  the  required  dividing  line  and  its  position. 

The  method  of  finding  the  area  of  a  triangle  from  the  three 
sides  was  original  with  Hero.  He  gives  an  ingenious  proof,  and 
works  out  an  example  where  the  sides  are  13,  14  and  15.  This 
is  problem  26  of  the  Dioptra. 

{2y)     To  measure  the  quantity  of  zvater  floziing  from  a  spring. 

"In  times  of  rain  the  flow  augments,  caused  by  the  super- 


FiG.  21. 


abundance  of  water  which  comes  from  the  mountains,  and  spouts 
up  with  great  force.  It  diminishes,  on  the  contrary,  in  times  of 
drought,  because  enough  water  does  not  reach  it  to  feed  it.  Make 
a  conduit  in  the  form  of  a  quadrangle,  then  adapt  it  to  the  spring 
in  such  a  way  that  all  the  water  is  forced  to  enter  it.  Take,  then, 
at  the  end  of  the  conduit  the  water  which  runs  out.  Suppose  it  is 
two  digits  high  and  the  width  six  digits.  This  will  give  a  section 
of  flow  of  twelve  digits."  Then,  by  ascertaining  the  velocity  of  the 
current  with  a  sun  dial,  the  amount  of  flow  in  an  hour  can  be  de- 
termined. A  better  method,  the  author  adds,  is  to  dig  a  reservoir 
and  let  the  water  run  into  it  for  one  hour  and  then  measure  the 
amount  of  water. 

(28)     To  measure  the  angular  distance  bctzvecn  two  fixed  stars. 

This  requires  an  instrument  somewhat  dififerent  from  the  one 
described  by  Hero.     There  is  a  large  circular  plate  on  which  the 
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rule  revolves.  The  outer  edge  of  the  plate  is  divided  into  360 
degrees,  and  the  rule  is  capable  of  beiug  removed  entirely  from  the 
plate.  After  removing  the  rule  bring  the  plane  of  the  plate  in  the 
line  of  the  two  stars  and  clamp  it.  Replace  the  rule  and  direct  the 
sights  to  one  of  the  stars,  and  by  means  of  a  pointed  index  on  the 
rule  note  the  reading  on  the  circle.  Turn  the  sights  to  the  other 
star  and  note  the  reading.  This  will  give  the  number  of  degrees 
between  the  two  stars.  Whether  this  was  really  ever  accomplished 
or  is  merely  a  suggestion  does  not  appeal.  At  any  rate,  it  is  the 
first  mention  made  of  a  circle  being  graduated  into  360  degrees. 

(j>9j  This  problem  is  a  criticism  on  the  asterisk,  an  instru- 
ment in  use  at  that  time  to  a  limited  extent.  Hero  attempts  to 
show'  the  superiority  of  his  dioptra,  as  constructed  by  himself,  over 
the  asterisk  for  practical  use. 

(50)  This  is  a  long  description  of  a  contrivance  called  an 
odometer.  It  comprised  a  series  of  cog-wheels  attached  to  a  car- 
riage, and  so  arranged  as  to  move  a  pointer  on  a  measured  dial, 
and  thus  indicate  the  distance  traveled.  There  is  an  illustration 
also  given. 

(?i)     To  ascertain  the  speed  of  a  ship. 

Another  odometer,  consisting  of  four  cog-wheels,  is  illustrated 
and  described.  A  paddle-wheel  is  secured  to  the  side  of  a  ship, 
and  the  motion  of  the  vessel  through  the  water  causes  the  wheel 
to  revolve.  The  wheel,  in  turn,  moves  the  cog-wheels,  and  a 
pointer  on  a  dial  indicates  the  distance  the  vessel  travels. 

(^2}  To  detenninc  the  distance  betzvecn  tzuo  places  on  the  earth's 
surface,  as,  for  example,  from  Alexandria  to  Rome,  "following  the 
circumference  of  one  of  the  great  circles." 

Hero  works  out  this  problem  substantially  as  follows:  The 
circles  of  a  celestial  sphere  are  drawn,  with  a  latitude  equal  to  that 
of  Alexandria.  By  means  of  an  eclipse  of  the  moon,  he  determines 
the  difference  of  longitude.  This,  he  says,  can  be  taken  from  the 
"Register"  or  can  be  determined  by  observation.  This  difference, 
of  longitude  locates  the  meridian  of  Rome  on  the  sphere,  and  the 
latitude  of  that  city,  which  he  determines,  locates  the  zenith  of  the 
horizon  at  Rome.  A  great  circle  is  then  drawn  through  this  point 
and  the  zenith  of  Alexandria.  The  angular  distance  between  these 
two  points  he  determines  mechanically  and  finds  it  to  be  20 
degrees.  About  one  hundred  and  fifty  years  previously,  Eratos- 
thenes had  found  the  circumference  of  the  earth  to  be  252,000 
stadia,  or  700  stadia  for  one  degree.  Hero  says  the  required  dis- 
tance is  14,000  stadia. 
2 


i8  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

(33)  ^'Vith  a  given  pozver,  to  move  a  given  weight  by  means  of 
a  system  of  eog-wheels. 

It  is  explained  and  illustrated  in  the  solution  of  this  problem 
how  to  construct  four  cog-wheels,  turned  by  a  crank,  so  that  one 
man,  exerting  a  power  of  five  talents,  can  lift  a  weight  of  a 
thousand  talents. 

In  these  problems.  Hero  made  no  use  of  trigonometry.  That 
science  had  been  invented  just  before  his  time,  and  at  first  there 
\\as  very  little  of  it.  There  was  in  existence  a  single  table  of 
cliords,  by  which  both  plane  and  spherical  triangles  could  be  cal- 
culated. But  this  was  considered  an  inseparable  part  of 
astronomy,  and  even  in  that  science  very  little  use  was  made  of  it. 
Sines,  co-sines  and  tangents  were  not  invented  until  a  thousand 
years  later.  Hero,  however,  was  the  first  to  perceive  the  utility  of 
trigonometry  and  to  make  a  practical  use  of  it.  By  means  of  it,  he 
calculated  rules  for  finding  the  areas  of  regular  polygons  of  from 
five  to  twelve  sides,  and  these  are  the  rules  which  can  be  found  to- 
day in  any  text  book  in  mensuration. 

Hero  was  the  first  to  place  the  art  of  surveying  on  a  correct 
foundation.  He  was  a  scholar,  an  investigator  and  a  teacher.  He 
was  the  originator  of  practical  mathematics.  He  was  the  first 
engineer,  in  the  same  sense  that  Thales  was  the  first  geometrician, 
Hipparchus  the  first  astronomer,  or  Galen  the  first  physician.  He 
collected  all  the  isolated  facts  and  fragments  then  known  relating 
to  his  special  subject,  added  to  them  by  his  own  researches  and 
endeavored  to  bring  them  together  in  one  comprehensive  body, 
for  it  is  now  conceded  by  competent  authority  that  all  his  books, 
now  in  disconnected  fragments,  were  originally  one  complete  work 
containing  all  the  knowledge  necessary  for  surveyors,  mechanics 
and  architects  in  the  practice  of  their  vocations. 

The  works  of  Hero,  owing  to  their  practical  character,  were 
much  sought  after  and  were  extensively  used  by  the  people  of  the 
surrounding  nations.  Like  all  other  works  from  the  Alexandrian 
school,  they  were  known  in  India  and  Arabia,  but  the  greatest 
field  for  their  usefulness  was  among  the  Romans.  Hero's  practi- 
cal geometry  and  surveying  comprised  all  the  mathematics  ever 
known  in  the  Roman  Empire.  Hero  was  a  teacher  of  the  Romans. 
They  afterwards  elaborated  his  methods  of  surveying,  and  in  time 
carried  that  art  to  great  excellence.  They  cared  nothing  for  the 
abstract  geometry  of  the  Cireeks.  They  were  no  investigators,  and 
in  all  Roman  history  there  is  no  mention  of  a  mathematician  of 
any  note  whatever. 

In  the  special  line  of  work  in  which  Hero  was  distinguished 
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no  one  followed  him  to  complete  what  he  began.  His  successors 
in  scientific  ability  fell  back  either  on  astronomy  or  the  well-worn 
subject  of  geometry.  The  Alexandrian  school  continued  to  exist 
for  eight  hundred  years  longer.  On  its  destruction,  in  641  A.  D., 
the  Greek  scholars  who  were  then  living  there  fled  to  Constanti- 
nople, and  carried  with  them  what  books  they  could  save  from 
the  wreck  of  the  library,  which  the  early  Christians  had  ruined, 
and  which  the  Arabs  finally  destroyed. 

A  very  long  time  after  this,  or  in  1453,  the  Turks  besieged 
and  captured  Constantinople.  The  Greek  scholars  who  escaped 
the  slaughter  fled  to  Italy  and  carried  with  them  the  remnants  of 
the  Alexandrian  library,  which  had  been  preserved  in  Constanti- 
nople for  eight  hundred  years,  and  for  the  first  time  the  people  of 
Europe  came  into  possession  of  the  remains  of  that  storehouse  of 
learning  which  had  been  built  up  in  Alexandria  many  centuries 
l)efore. 
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By  J.  C.  Danzigkr,  Mp:mber  Detroit  Engineering  Society. 

[Read  before  the  Societj'.  June   19,   i8g6.*] 
PROCESSES    OF    STEEL    MANUFACTURE. 

The  leading  processes  by  which  steel  is  made  are,  in  the  order 
of  their  importance,  (i)  the  Open  Hearth,  (2)  the  Bessemer,  and 
(3)  the  Crucible;  or,  in  chronological  order,  (i)  the  Crucible,  (2) 
the  Bessemer,  and  (3)  the  Open  Hearth.  Several  conditions  are 
tending  daily  to  increase  the  importance  of  the  Open  Hearth  pro- 
cess. By  this  process  phosphoric  ores  may  be  successfully  handled 
and  ingots  of  the  largest  size  produced.  It  enjoys  more  of  the  con- 
fidence of  engineers  than  does  the  Bessemer,  and  its  product  is 
cheaper  than  crucible  steel. 

Briefly  reviewed,  these  processes  are  as  follows: 

In  the  Bessemer  process  the  molten  iron  is  poured  into  the 
converter,  which  is  a  pear-shaped  vessel,  lined  with  a  basic  or  an 
acid  refractory  lining,  as  the  process  is  to  be  basic  or  acid.  The 
carbon  and  silicon  of  the  bath  are.  as  far  as  possible,  burned  out  by 
a  blast  of  air  through  the  iron,  and  the  bath  is  then  recarburized  to 
the  rec|uired  amount  with  molten  pig  or  Spiegel.  If  with  the 
former,  ferromanganese  is  added  to  furnish  manganese  to  the  bath 
and  to  combine  with  the  sulphur  and  the  superfluous  oxygen,  and 
the  steel  is  then  ready  for  the  moulds. 

In  the  Open  Hearth  process,  the  pig  is  melted  down  in  a  re- 
verberatory  furnace,  either  basic  or  acid  lined,  and  the  carbon  and 
silicon  are  removed  by  adding  a  pure  oxide  of  iron  (ore)  to  the 
bath.  The  reduction  is  carried  only  to  the  desired  point,  and  no 
effort  is  made  to  burn  out  all  the  carbon  with  a  view  to  recarburiz- 
ing,  as  in  the  Bessemer  process.  Ferromanganese  is  generally 
used  to  impart  manganese  and  carbon  to  the  bath. 

Oxide  of  nickel,  ferro-silicon,  etc.,  are  also  used  in  certain 
cases  to  obtain  special  results.  The  metal  is  then  ready  for  the 
mould.  The  ]ioints  of  difference  l)etween  these  two  processes  are: 
the  much  longer  time  occupied  by  the  Open  Hearth,  the  larger 
charges,  perfect  control,  and  the  frequent  analyses. 

The  Crucible  process  is  of  minor  importance,  the  steel  being- 
used  only  for  cutlery,  files,  saws,  and  other  tools.  There  is  little 
doubt  that  much  of  this  ware,  stamped  "Warranted  Cast  Steel,"  or. 
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"Warranted  Crucible  Steel,"  is  in  reality  made  of  select  Open 
Hearth,  or  even  Bessemer,  and  is  perhaps  the  better  for  it. 

Bessemer  steel  is  looked  upon  with  not  a  little  disfavor  at  pres- 
ent, for  higher  grade  purposes.  Alany  engineers  consider  it  too 
unreliable  and  irregular  to  be  used  in  construction,  where  there  is 
any  close  estimating  for  strength.  This  feeling  is  not  without 
good  foundation,  but  the  usual  method  of  manufacture  is  responsi- 
ble for  it,  and  not  the  principle  upon  which  the  process  is  based. 
The  modern  high  speed  of  production  results  in  many  irregulari- 
ties, which,  with  care,  could  be  avoided.  The  Open  Hearth  bath  is 
always  melted  down  from  select  pig-iron,  but  the  Bessemer  con- 
verter must  be  content  with  the  direct  metal,  drawn  off  from  the 
blast  furnace  or  mixer,  diunped  in  and  blown  without  the  compo- 
sition of  the  iron  being  under  certain  control.  Of  course  there  is 
an  effort  to  keep  the  furnace  on  an  iron  of  a  certain  silicon,  also  to 
control  the  sulphur,  but  this  is  not  always  possible.  There  is  Jio 
reason,  except  the  additional  expense,  why  the  blast  furnace  metal 
should  not  first  be  cast  into  pigs,  analyzed,  graded,  charged  into  a 
cupola  furnace  and  remelted  before  going  to  the  converter,  and  this 
indeed  is  sometimes  done  in  making  certain  high-grade  steel  rails. 

The  length  of  the  blow  has  also  l)een  much  reduced.  For- 
merly, if  fifteen  minu,tes  were  used  to  blow  a  seven-ton  charge,  it 
was  thought  good  practice.  Iron  of  two  per  cent,  silicon  was 
charged,  necessitating  a  blow  of  that  length.  The  more  modern 
way  is  to  make  the  blow  in  from  eight  to  ten  minutes.  This  neces- 
sitates rapid  blowing,  in  order  that  the  i  to  i|  per  cent,  silicon  may 
furnish  fuel  enough  to  keep  up  the  heat.  This  rapid  blowing,  com- 
bined with  the  imperfect  control  of  the  composition  of  the  bath,  re- 
sulting from  the  use  of  direct  metal,  causes  the  too  frequent  occur- 
rence of  heats  which  are  either  too  hot  or  too  cold.  I  do  not  doubt 
that,  with  the  proper  care,  the  Bessemer  process  can  be  made  to 
yield  a  medium  steel  in  every  way  as  good  as  that  produced  by  the 
Open  Hearth. 

The  Open  Hearth  process  is  the  only  one  to  use  when  very 
large  ingots  are  to  be  produced.  At  Bethlehem,  and  probably  at 
Homestead,  ingots  are  made  of  upwards  of  eighty  tons  weight.  On 
account  of  the  perfect  control,  the  ample  time  and  the  frequent 
analyses,  steel  of  any  composition  can  be  produced.  All  the  vari- 
ous steel  alloys  of  iron,  with  the  other  members  of  the  iron  group, 
are  best  produced  in  this  way. 

In  conversing  with  some  engineers,  especially  in  the  \\^est, 
the  writer  has  found  a  lurking  prejudice  against  steel.  The  cause 
is  not  far  to  seek.     WrouR-ht  iron  will  submit  to  all  kinds  of  abuse 
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of  work  and  heat  treatment  and  show  no  bad  effects.  Steel,  how- 
ever, quickly  resents  the  bad  handling  of  ignorant  operators.  Iron, 
with  its  low  clastic  limit  and  loosely  welded  mass,  remains,  with 
some,  the  favorite  material,  simply  because  the  finer  metal  is  be- 
grudged proper  handling. 

PHYSICAL    PROPERTIES. 

The  physical  properties  of  steel  may  be  varied  by  the  chemical 
composition,  by  the  fabrication  under  hammer,  press,  or  rolls,  and 
finally  by  the  subsequent  heat  treatment. 

The  points  usually  noted  in  the  physical  test  of  steel  are:  ten- 
sile strength,  elastic  limit,  extension,  contraction  of  area,  and  frac- 
ture. To  these,  for  some  purposes,  is  also  added  the  modulus  of 
elasticity.  Users  of  structural  steel  have  long  demanded  definite 
qualities  in  their  specifications,  but  users  of  steel  forgings,  which 
should  be  of  much  finer  and  higher  grade  steel,  are  only  beginning 
to  ask  for  definite  qualities.  The  writer  has  frequently  noted  the 
growth  of  these  specifications.  Consumers  begin  by  asking  for  a 
definite  tensile  strength.  In  their  next  specifications  they  add  ex- 
tension. Elastic  limit  is  the  next  addition,  and,  finally,  contrac- 
tion. In  the  gun  work  for  the  U.  S.  Army,  the  elastic  limit  and  ex- 
tension are  considered  the  most  vital  points,  and,  after  them,  the 
contraction  of  area.  The  tensile  strength  is  considered  of  less  im- 
portance. The  modulus  of  elasticity  of  every  test  specimen  is  ob- 
tained. This  is  certainly  rational,  as,  for  most  purposes,  a  ma- 
terial is  useless  after  being  strained  beyond  the  elastic  limit  and 
permanently  distorted.  The  contraction  of  area  is  a  much  ne- 
glected qualification,  yet  there  is  good  reason  to  believe  that  it 
bears  a  direct  relation  to  the  shock-resisting  power  of  steel.  Fre- 
quently a  steel  of  excellent  extension,  but  low  contraction,  shows  a 
coarse  grained  fracture  and  a  rough  skin  after  breaking;  but  in- 
variably a  heavy  contraction,  even  when  accompanied  by  little  ex- 
tension, is  associated  with  a  silky  grain,  or  a  fracture  of  minute 
facets,  like  points  of  pins. 

The  endurance  of  steel  under  the  drop,  and  under  alternate 
transverse  tension  and  compression,  is  of  the  first  importance,  but 
the  ordinary  tests  are  so  much  more  readily  made,  that,  except  for 
special  purposes,  the  others  are  never  required.  The  drop  test  is 
made  the  chief  test  for  certain  work,  but  the  test  of  endurance  un- 
der alternate  strains,  or  the  fatigue  test,  consumes  so  much  time 
that  it  is  at  present  impossible  to  use  it  commercially.  The  only 
practical  course  would  be  to  determine,  by  a  series  of  tests,  ex- 
actly what  relation  the  endurance  bears  to  the  ordinary  physical 
properties,  and  to  base  specifications  upon  these  results. 
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THE    EFFECT    OF    CHEMICAL    COMPOSITION. 

We  have  next  to  consider  the  effects  of  the  various  chemical 
elements  upon  the  physical  qualities  of  steel.  Carhon  is,  of  course, 
the  first  to  be  considered,  and  its  effect  upon  steel  is  the  best 
known.  Every  user  of  steel  lias  studied  the  varying  effects  of  car- 
bon, and  is  more  or  less  acquainted  with  them.  Many  attempts 
have  been  made  to  construct  formulae  and  scales  showing  the  ef- 
fect of  increments  of  one-hundredth  of  one  per  cent,  of  this  element 
on  the  tensile  strength,  but  these  have  met  with  little  success.  The 
weight  of  evidence  indicates  that  the  carbon  and  tensile  strength 
curve  is  a  straight  line,  but  what  its  exact  equation  is,  and  how  it 
is  affected  by  the  presence  of  the  other  elements,  is  hard  to  deter- 
mine definitely.  The  view  that  the  tensile  strength  is  increased  by 
eight  hundred  to  one  thousand  pounds  per  square  inch  by  the  addi- 
tion of  one-hundredth  of  one  per  cent,  of  carbon,  has  received  con- 
siderable support,  and  is  probably  very  near  the  right  figure.  All 
such  calculations  nuist  be  based  upon  the  tensile  strength  of  ab- 
solutely pure  iron.  This  has  never  been  definitely  determined. 
It  is  well  known  that  carbon  gives  to  steel  its  peculiar  properties 
of  hardening  and  annealing  under  heat  treatment. 

The  study  of  the  exact  variation  of  structure  which  brings 
about  this  change  is  now  attracting  much  attention.  The  physical 
conditions  are  studied  microscopically,  as  follows.  A  section  of 
steel  is  carefully  ground  with  emery  of  the  various  grades,  down  to 
the  finest,  then  with  crocus,  and  finally  with  the  best  washed  rouge. 
The  surface  is  then  etched  with  dilute  hydrochloric  acid  and  ex- 
amined or  photographed  under  a  microscope,  enlarging  from  thirty 
to  two  hundred  diameters.  Martens,  Sorby,  Osmund  and  Wed- 
ding, in  Europe,  and  Howe,  Dudley  and  Sauveur  in  this  country 
have  done  much  good  work  in  this  direction.  Steel  of  all  per- 
centages of  carbon,  and  in  all  pln'sical  conditions,  has  been  ex- 
amined, but  nothing  positive  has  as  yet  been  determined. 

This  much,  however,  is  certain;  that  there  are  three  constitu- 
ents that  go  to  make  up  steel.  These  are  called  by  various  names, 
but  the  nomenclature  of  Howe  is  generally  accepted  in  this  coun- 
try. He  calls  them  Ferrite,  Pearlyte,  and  Cementite.  The  first 
is  free,  pure  iron;  the  second  is  of  disputed  composition,  and  the 
third  is  unquestionably  rich  in  carbon  and  perhaps  a  definite  car- 
bide. 

It  is  the  variation  of  these  three  substances  that  produces  the 
varying  physical  properties  under  different  work  and  heat  treat- 
ment. The  effect  of  carbon  is.  in  a  general  way,  to  raise  the  ten- 
sile strength  and  the  elastic  limit,  to  lower  the  extension  and  the 
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contraction,  and  to  change  the  fracture  from  silky  to  dull  gray  or 
crystalline.  It  probably  has  little,  if  any,  effect  upon  the  modulus 
of  elasticity.  In  tlie  examination  of  nearly  20,000  specimens  of 
steel,  under  every  variety  of  treatment  and  composition,  all  turned 
and  polished  bars  with  screw  ends,  and  fully  5000  of  these  for 
modulus,  with  electric  contact  micrometers,  the  writer  has  never 
noticed  that  varying  the  percentage  of  carbon  has  any  effect  upon 
the  modulus  of  elasticitw 

Manganese  is  next  in  importance  to  carl)on  in  controlling  the 
physical  qualities  of  steel.  It  is  primarily  added  to  both  the  Besse- 
mer and  the  Open  Hearth  baths  to  combine  with  the  sulphur  and 
oxygen,  so  that  these  objectionable  elements  ma\-  be  drawn  off  in 
the  slag".  Undoubtedl}",  manganese  has,  of  itself,  a  counter-eft'ect 
to  sulphur  and  its  presence  reduces  the  red-short  effect  of  that  ele- 
ment. Manganese  tends  to  lessen  the  blow-holes,  and  its  presence 
results  in  a  sounder  casting.  The  presence  of  manganese  un- 
doubtedly raises  the  tensile  strength  and  the  elastic  limit  of  steel, 
but  it  is  a  question  whether  it  does  so  by  negativing  the  sulphur 
and  lessening  the  blow-holes,  or,  whether  it  is,  of  itself,  a  hardener. 
It  is  generally  assumed  that  manganese  does  harden  steel,  but  its 
effect  varies  w'ith  the  percentage  of  carbon  present,  and  has  about 
one-third  the  effect  of  an  equal  percentage  of  carbon.  Proportion- 
ally, manganese  raises  the  elastic  limit  much  more  than  it  does  the 
tensile  strength.  The  following  specimens  w'ere  cut  from  one  inch 
rolled  bars  and  annealed  at  1000''  Fahr.,  in  order  to  bring  them  all 
into  about  the  same  physical  condition.  They  were  then  turned 
accuratel}^  to  a  shaft  ^  square  inch  in  ai"ca  with  enlarged  screw 
ends.  The  elastic  limit  was  determined  with  an  electric  contact 
micrometer.  Unless  otherwise  noted,  the  experiments  were  made 
bv  the  writer. 


Carbon. 


gauese. 


(1)  .499        I  25 

(2)  .5S5  -58 


Phos- 
pliorus. 


Sill-      ci:   1    Tensile      Elastic    I  i--   ,„„.  ■ I    Contrac- 

phur.    S"'"^°"-'suength.f    Limit,     j  E.xtension. !        jj^„ 


.059    I    .090       .279      126,000     73,000       15.25%        41.05% 
053    I    .089       .117      106,000     56,000        15.25%        31.42% 


It  will  be  noticed  that  the  percentages  of  phosphorus  and  of 
sulphur  are  practically  the  same  in  both  cases.  The  carbon  in  (2), 
is  almost  one-tenth  of  one  ])er  cent,  higher  than  in  (i),  yet  (1)  has 
20,000  pounds  (about  20  per  cent.)  more  tensile  strength,  17,000 
pounds  (about  30  per  cent.)  more  elastic  limit,  30  per  cent,  more 
contraction  of  area,  and  a  fracture  of  nuicli   finer  grain.     There 
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seems  to  be  no  explanation  of  this,  except  that  it  is  (h;e  to  higher 
manganese  and  sihcon,  or  to  some  combination  of  the  two.  It  is 
of  interest  to  note  here  tliat  these  elements  are  looked  upon  with 
disfavor  by  some  engineers.  The  higher  elastic  limit  relatively  to 
the  tensile  strength,  accompanied,  as  it  usually  is,  with  a  greater 
contraction  relatively  to  the  extension,  indicates  that  this  steel  is 
well  adapted  to  resisting  shock. 

When  the  quantity  of  manganese  is  between  3  per  cent,  and 
5  per  cent.,  it  is  very  hurtful  to  steel,  but  when  it  reaches  7  per 
cent,  to  20  per  cent,  there  results  an  entirely  new  and  curious 
steel,  called  "manganese  steel."  It  is  not  within  the  scope  of  this 
paper  to  say  much  of  this  alio}',  but  it  is  so  hard  that  no  tool  can 
machine  it,  so  ductile  that  it  will  stretch  25  per  cent,  or  more  in 
8  inches.  With  a  tensile  strength  of  140,000  pounds,  its  elastic 
limit  is  only  about  60,000  pounds,  and  the  modulus  of  elasticity  is 
but  about  85  per  cent,  of  that  of  carbon  steel.  It  can  neither  be 
softened  nor  hardened  by  heat  treatment,  so  that  its  usefulness  is 
confined  to  castings  which  are  finished  by  grinding.  This  steel  is 
almost  unbreakable  under  the  drop,  and  is  astonishingly  stiff  under 
the  blows.  A  water-toughened  specimen  is  said  by  Hadfield  to 
have  stretched  50  per  cent,  in  8  inches,  with  a  tensile  strength  of 
145,000  pounds.  Car  wheels  and  other  steel  castings  are  being 
made  in  this  country  of  manganese  steel  by  the  Taylor  Iron  and 
Steel  Company. 

The  exact  effect  of  silicon  is  disputed,  but  probably  it  has  lit- 
tle, if  any,  hardening  effect.  Its  presence  undoubtedly  results  in 
a  sounder  ingot  and  consequently  in  a  more  highly  finished  pro- 
duct. Silicon  has  been  said  to  cause  red-shortness,  but  this  is 
surely  not  the  case.  Steels  of  0.50  per  cent,  silicon  have  been 
rolled  into  good  rails,  so  that  if  this  high-silicon  steel  could  be 
rolled  at  all  the  ordinary  high  percentages  cannot  cause  red-short- 
ness. In  recent  years  there  has  been  a  tendency  toward  the  use  of 
higher  percentages  of  silicon.  High-silicon  steel  has  been  recom- 
mended by  European  ordnance  boards  for  gun-l)arrels,  and  sili- 
con seems  to  improve  the  wearing  qualities  of  rails. 

Sulphur  is  notable  chiefly  for  its  well-known  effect  in  making 
steel  red-short.     It  has  also  a  slight  hardening  effect. 

The  only  consideration  given  to  this  element  is  the  effort  to 
keep  it  at  a  minimum.  This  is  done  by  the  selection  of  pure,  low- 
sulphur  ore,  pig  iron  and  coal.  Iron  will  absorl)  sulphur  from  any 
source  with  which  it  may  be  brought  in  contact.  It  is  desulphur- 
ized by  the  use  of  manganese,  as  noted  above.  Steel  from  eastern 
mills   usuallv   contains   from   0.03   to   0.06   per   cent,    of   sul])hur. 
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That  from  western  mills  sometimes  contains  o.io  and  0.12  per- 
cent. English  rails  have  been  known  to  have  even  0.2  per 
cent.,  but  such  stock  could  be  rolled  only  at  an  intolerably  high 
temperature.  The  allowable  percentage  of  sulphur  depends  much 
on  the  amount  of  manganese  present.  Sulphur  is  so  troublesome 
to  the  steelmaker  himself,  that  he  needs  little  urging  from  the  user 
to  induce  him  to  keep  it  at  a  mininnnn. 

Prior  to  the  introduction  of  the  basic  process  the  presence  of 
phosphorus  rendered  much  ore  unfit  for  steel  making.  It  necessi- 
tates the  greatest  care  in  making  steel  by  the  acid  process.  Iron 
will  not  dephosphorize  on  an  acid  lining,  so  there  must  be  a  mini- 
mum of  that  element  in  the  original  ore  and  pig;  but  nnick  bar 
used  in  the  Open  Hearth  process  may  first  have  the  phosphorus  re- 
duced in  a  puddle  furnace  before  coming  to  the  steel  bath. 

Whatever  effect  phosphorus  may  have  on  steel  under  slowly 
applied  loads,  there  is  no  doubt  that  it  makes  it  extremely  brittle 
under  shock.  The  efifect  of  phosphorus  on  steel  varies  with  the 
percentage  of  carbon,  being  more  harmful  with  steel  of  high  car- 
bons. Great  care  should  be  taken  to  specify  a  limit  to  the  permis- 
sible phosphorus,  for  its  presence  does  not  prevent  forging  and 
rolling,  even  when  unusually  high,  and  it  may  have  no  great  effect 
on  the  ordinary  physical  tensile  test,  and  yet  it  may  be  fatal  to  the 
integrity  of  the  steel  under  shock. 

Nickel  is  an  element  only  recently  introduced  into  steel  mak- 
ing. Its  use  has  resulted  in  steels  of  the  most  remarkable  proper- 
ties and  of  the  widest  interest  to  steel  users.  Expense  is  the  only 
bar  against  its  universal  use  for  all  purposes.  The  writer  has 
tested  nickel  steel  bars  ranging  from  2  per  cent,  to  27  per  cent,  of 
nickel.  The  lower  percentages  raise  the  tensile  strength,  elastic 
limit,  extension  and  contraction,  and  largely  increase  the  ratio  of 
elastic  limit  to  tensile  strength  and  of  contraction  to  extension. 
It  makes  the  grain  finer  and  the  steel  tougher.  Bars  cut  from  a 
seventeen  inch  nickel  steel,  hollow  forged,  oil  tempered  shaft  for 
the  United  States  Navy  gave  results  as  follows:  tensile  strength 
from  90,000  to  94,000,  elastic  limit  from  56.000  to  60,000,  extension 
26  to  28  per  cent.,  contraction  59  to  61  per  cent.  With  an  elastic 
limit  equal  to  that  of  gun  steel,  is  combined  an  extension  equal  to 
that  of  the  softest  metal.  It  also  gives  to  steel  a  quality  that  has 
necessitated  the  use  of  a  new  word,  non-fissibility.  A  nicked  bar 
of  27  per  cent,  nickel  may  be  bent  double  without  breaking  beyond 
the  nick.  The  life  of  the  metal  under  alternating  tension  and  com- 
pression is  also  greatly  increased.  The  following  is  from  private 
notes:     Rolled  bar  nickel  steel  5^-  per  cent,  nickel,  hardened  and 
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annealed.  Tensile  strength  127,000,  elastic  limit  ii/.ooo,  extension 
21  per  cent.,  contraction  61  per  cent.  This,  I  think,  will  interest 
every  steel  user.  Also  the  following:  nickel  2"  per  cent.,  tensile 
strength  100,000,  elastic  limit  47,000,  extension  4/  per  cent.,  contrac- 
tion 61  per  cent.  This  shows  a  pretty  wide  variation  of  qualities 
with  the  different  percentages  of  nickel.  The  22  per  cent,  nickel 
steel  will  not  rust  even  in  salt  water,  and  may  be  bent,  after  nick- 
ing, without  breaking,  but  27  per  cent,  is  beyond  the  point  where 
nickel  increases  the  tensile  strength.  As  may  be  seen,  the  22  per 
cent,  steel  is  much  lower  than  the  5^  per  cent,  steel  in  this  respect, 
although  higher  in  extension. 

Besides  the  foregoing  elements,  chromium,  tungsten  and 
aluminum  are  used  in  the  manufacture  of  steel.  Chromium,  to 
make  the  well-known  "chrome  steel,"  used  for  armor-piercing  pro- 
jectiles and  burglar-proof  safe  plates  and  jail  l)ars.  "Mushct's  Spe- 
cial" is  a  tungsten  steel  well  known  in  this  country.  Aluminum  is 
used  in  Mitis  steel  castings.  Copper  steel  has  been  tried  and  has 
shown  some  remarkable  properties,  but  has  never  gone  beyond  the 
experimental  stage.  The  tests  showed  a  high  elastic  limit,  but 
the  steel  was  unsound. 

SEGREGATION. 

During  the  cooling  of  an  ingot,  some  of  the  elements  separate 
from  the  mass  and  consolidate  toward  the  top  of  the  ingot.  Phos- 
phorus shows  the  highest  proportional  segregation,  and  sulphur  the 
next.  Carbon  segregates  more  than  any  other  element,  because  it 
is  present  in  such  excess  over  the  others.  Silicon  and  manganese 
segregate  very  little.  The  segregation  is  in  proportion  to  the  time 
of  cooling,  and,  therefore,  generally  proportional  to  the  size  of  the 
ingot.  The  segregation  of  phosphorus  and  sulphur  is  often  so 
great  as  to  make  their  percentage,  at  the  top  of  the  ingot,  danger- 
ous where  otherwise  it  would  be  harmless.  Herein  lies  one  of  the 
dangers  of  making  a  forging  from  an  ingot  but  little  heavier  than 
the  finished  work  is  to  be.  It  is  often  advisable  to  discard  30  per 
cent,  of  the  ingot  in  order  to  obtain  the  very  best  results.  Cases 
are  on  record  where  the  steel  bath  contained  only  0.09  per  cent, 
phosphorus  and  0.08  per  cent,  sulphur,  while  the  segregation  had 
0.28  per  cent,  phosphorus  and  0.27  per  cent,  sulphur.  This  is  a 
comparatively  new  field  for  investigation,  l)ut  its  importance  can- 
not be  over-estimated.  In  preparing  specifications,  great  care 
should  be  taken  to  specify  the  minimum  size  of  ingot  and  the 
amount  to  be  discarded. 
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riiVSICAL    DEFECTS. 

As.  steel  solidifies,  the  gases  it  contains  are  forced  out  and 
take  the  path  of  least  resistance.  As  the  bubbles  of  gas  approach 
the  surface,  they  come  into  contact  with  solidified  metal  and  are 
imprisoned  there,  forming  blow-holes.  These  are  naturally  located 
chiefly  near  the  surface  of  the  ingot  and  are  more  numerous  to- 
ward the  top.*  When  they  are  separated  from  the  surface  by  only 
a  thin  skin,  which  may  be  oxidized  through  in  heating,  they  do  not 
weld  up,  but  form  various  surface  defects  in  rolling.  Uneven  heat- 
ing and  cooling  sometimes  results  in  cracks,  wdiich  become  seams 
wdien  rolled.  Steel,  in  cooling,  first  contracts  until  it  reaches  the 
melting  point,  when,  like  water,  it  expands,  and,  after  becoming 
solid,  again  contracts.  This  action  produces  a  cavity  in  steel  in- 
gots near  the  top  and  in  the  center.  This  is  the  "pipe,"  and,  when 
it  does  not  weld  up,  it  is  of  course  apparent  in  the  finished  work. 
This  part  of  the  ingot  should  be  cut  off  before  farther  working.  In 
steel  castings  this  pipe  is  avoided  by  adding,  above  the  casting 
proper,  an  additional  mass  of  steel  called  the  sinkhead.  This  is 
connected  with  the  casting  and  is  so  proportioned  that  the  pipe 
may  come  in  it. 

To  avoid  these  physical  irregularities  in  ingots,  fluid  compres- 
sion is  used  in  some  mills.  The  Whitworth  system  is  used  at 
Bethlehem.  The  metal  is  poured  into  a  flask  of  steel,  around  the 
edges  of  which  are  passages  to  allow  the  escape  of  the  gases.  This 
flask,  after  being  filled,  is  placed  under  the  ram  of  a  hydraulic 
press,  and  pressure  applied  as  high  as  7000  tons  on  the  top  surface 
of  the  ingot.  Under  this  pressure,  the  gases  are  driven  to  the 
sides  and  escape  through  the  passages  left  for  that  purpose.  The 
metal  is  forced  down  into  what  would  be  the  pipe,  and  a  perfectly 
solid  ingot  results.  The  segregated  top  is  cut  ofif,  and,  if  a  hollow 
forging  is  to  be  made,  the  inferior  central  metal  is  bored  out.  the 
result  being  an  ingot  as  nearly  perfect  as  possible. 

THE    EFFECT    OF    WORK. 

Steel  is  hot-worked  by  rolling  or  by  forging.  Forging  may 
now  be  again  divided  into  hannner  forging  and  press  forging. 
All  forms  of  hot  working  have  certain  effects  in  common.  Work 
forces  out  the  slag;  compresses,  closes  up.  and  in  some  cases  welds 
up  the  blow-holes  and  pipe,  and  refines  the  grain.  These  actions 
result  in  the  improvement  of  all  the  physical  qualities,  tensile 
strength,  clastic  limit,  extension  and  contraction.  The  amount  of 
work  alone  influences  the  first  two  points,  i.e.,  reducing  the  slag 
and  blow-holes,  the  temperature  not  being  vital.  But  the  refining 
of  the  grain  is  influenced,  not  only  by  the  amount  of  w^ork,  but  also 
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by  the  finishing  temperature.  It  is  ahiiost  axiomatic  that  steel 
finished  at  a  high  temperature  will  lose  much  of  the  refining  effects 
of  the  work  as  it  slowly  cools  and  will  be  coarse  grained  in  propor- 
tion to  that  temperature.  The  effect  of  work  on  the  grain  of  steel 
is  similar  to  that  of  heat  treatment,  it  is  also  a  function  of  the 
amount  of  kneading  received.  As  a  result  of  this  it  follows  that  in 
making  large  forgings  it  is  important  to  use  an  ingot  of  such  size 
that  the  reduction  may  be  at  least  one-half.  The  effect  of  work  is 
also  inversely  as  the  thickness  of  the  metal,  and  the  depth  to  which 
the  good  effect  goes  is  proportional  to  the  weight  of  the  hammer 
or  to  the  hydraulic  pressure.  Hollow  forging  under  the  hydraulic 
press  gives  better  results,  as  it  divides  the  thickness  of  metal  by 
two,  the  mandril  becoming  an  anvil  and  the  reaction  of  the  anvil 
itself  being  equal  to  the  pressure  of  the  ram.  This  is  not  true  in 
hammer  forging,  especially  if  a  light  hammer  be  used,  as  the  effect 
is  produced  only  on  the  surface  and  there  is  a  tendency  to  draw  out 
the  surface  away  from  the  central  core.  This  action,  together  with 
too  rapid  reduction,  sometimes  produces  actual  internal  rupture  in 
the  steel,  which  will  not  again  weld  up.  Injudicious  forging  some- 
times results,  also,  in  a  laminated  structure,  showing  as  parallel 
lines  in  a  broken  tensile  specimen,  and  much  reducing  all  the  phy- 
sical qualities  of  the  metal.  The  hardening  effect  of  work  is  also  a 
function  of  the  amount  of  carbon  present.  Its  good  effect  may  be 
entirely  removed  by  heating  to  a  sufficiently  high  temperature  and 
slowly  cooling.  To  illustrate  this  point  the  writer  conducted  a 
series  of  experiments  on  Open  Hearth  steel,  varying  from  0.08  per 
cent,  to  1.20  per  cent,  carbon  and  through  temperatures  varying 
from  1000°  to  1400°  Fahr.  These  results  would  also  be  a  guide  to 
the  proper  finishing  temperature.  The  following  are  some  of  the 
results : 


1 

Carbon.               Treatment. 

Tensile 
Strength. 

Elastic 
Limit. 

Exten- 
sion. 

Con- 
traction. 

1 

.08  C    Unannealed [    54,000 

36,000 

32% 

65% 

Carbon  very 
low.     No  great 

1400°  F.  Annealed    51,000 

31,000 

35% 

70% 

effect  on  physi- 
cal qualities. 

1.20'T  C 

Unannealed 

145,000 

84,000 

3% 

5% 

Carbon  very 
high.  Note  the 
great  effect  of 
temperature  on 
all  qualities. 

1000°  F.  Annealed 

128,000 

80,000 

2.5% 

5% 
31% 

1400°  F.  Annealed    96000 

46,000 

19% 

From  such  a  table,  backed  by  a  sufificient  number  of  experi- 
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nieiits,  it  would  seem  feasible  to  tell  exactly  at  what  temperature  a 
steel  of  any  carbon  percentage  should  be  finished  in  order  that  it 
should  give  the  desired  results. 

Cold  working  in  tension  increases  the  elastic  limit  of  tension 
and  reduces  the  elastic  limit  of  compression.  Cold  working  in 
compression  has  the  reverse  effect.  In  either  case  it  tends  to  re- 
duce the  extension  and  to  make  the  steel  brittle.  These  effects 
may  be  annulled  by  subsequent  annealing.  In  the  case  of  punch- 
ing and  shearing,  the  injured  metal  is  usually  removed  by  reaming 
and  planing.  In  drawing  wire  and  tubing,  also  in  cold  rolling  and 
hanmiering,  it  is  often  desirable  to  retain  this  hardening,  and  con- 
sequent stiffening,  effect. 

HEAT    TREATMENT. 

The  simplest  heat  treatment,  and  one  to  which  all  large  forg- 
ings  and  castings  should  be  submitted,  is  annealing.  The  primary 
object  of  this  is  to  remove  the  bad  effect  of  internal  strains.  In 
steel  castings,  which  shrink  twice  as  much  as  iron  castings,  it  is 
absolutely  necessary;  for  sometimes,  when  the  pattern  is  compli- 
cated, the  strains  set  up  by  cooling  are  great  enough  to  rupture 
the  metal.  The  necessity  for  annealing  forgings  increases  with  the 
carbon  as  illustrated  in  experiments  noted  above.  Annealing  re- 
moves some  of  the  good  effects  of  forging,  while  relieving  the  in- 
ternal strains.  There  is  therefore,  in  each  case,  a  certain  point 
which  gives  the  best  net  results.  Annealing  always  increases  the 
percentage  of  extension  and  contraction,  and  generally  lessens  the 
tensile  strength;  but  the  elastic  limit  may  be  increased  by  anneal- 
ing when  the  temperature  is  such  that  the  good  results  of  relieving 
the  internal  strains  exceeds  the  reducing  effect  on  the  elastic  limit 
due  to  softening.  Below  is  one  case  from  private  notes.  This 
example  is  notable  also  on  account  of  the  unusually  high  man- 
ganese and  silicon  present. 


Manganese,  1.8%  ;  Carbon,  0.39%  ;  Silicon,  0.62%. 


Tensile 
strength. 

Elastic 
limit. 

Extension. 

Contraction. 

Unannealed 

140,000 

82,000 

Hfo 

23?^ 

Annealed        

118,200 

88,900 

22.50^ 

52% 

HARDENING. 

It  has  been  proven  that  all  steel  is  capable  of  being  hardened. 
In  steels  low  in  carbon  it  is  a  question  only  of  sufficiently  high 
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temperature  and  a  quenching  medium  of  sufficiently  low  tempera- 
ture and  high  specific  heat.  The  mildest  hardening  effect  can  be 
obtained  by  plunging  into  melted  lead.  Gun,  engine,  and  other 
large  forgings,  where  no  great  hardness  is  desired  and  where  too 
rapid  cooling  would  be  dangerous,  are  hardened  in  an  oil  bath. 
Cutting  tools  are  hardened  in  water.  Armor  plate,  the  surface  of 
which  is  very  high  in  carbon,  due  to  Harveying,  and  where  the 
hardest  possible  surface  is  wanted,  is  quenched  by  a  spray  of  iced 
water.  Steel  with  the  least  possible  carbon  can  be  hardened  by 
heating  to  a  very  high  heat  and  quenching  in  mercury. 

In  the  case  of  large  steel  forgings,  for  ordinary  purposes,  oil 
hardening  seems  to  be  the  only  practical  method.  Here  the  hol- 
low forging  again  has  the  advantage,  as  it  enables  the  cooling  to 
take  effect  on  both  sides,  giving  deeper  penetration  and  lessening 
the  danger  from  internal  strains.  The  effect  of  hardening  is  simi- 
lar to  that  of  forging,  inasmuch  as  it  breaks  up  the  coarse  crystal- 
line structure  and  may  even  remove  bad  laminations.  At  the  same 
time  it  hardens  the  steel  and  raises  the  tensile  strength  and  the 
elastic  limit,  but  reduces  the  extension  and  contraction  so  much  as 
to  necessitate  a  partial  re-annealing.  The  following  is  an  example 
of  the  effect  of  oil  hardening  on  a  forged  bar  of  steel : 


Carbon,  0.37%  ;  Manganese,  0.80%. 

Tensile  Strength. 

Extension. 

j        Contraction. 

Before  Hardening.. 

i            90,900 

20.0% 

1             52% 

After  Hardening.... 

112  400 

4.5% 

i             38% 

Nickel  greatly  increases  the  hardening  effect,  as  shown  in  the 
following  case,  where  the  carbon  is  ten  points  lower  than  in  the 
above,  but  where  the  steel  shows  a  phenomenal  tensile  strength 
after  hardenins:: 


Carbon, 

0.27%  ;  Manganese,  0 

.70%  ;  Nickel, 

3 

%■ 

1  Tensile  Strength. 

Extension. 

1        Contraction. 

Before  Hardening 

j            98,000 

1             18% 

55% 

After  Hardening 

1          227,000 

1               1% 

Inot  perceptible. 

These  were  plain  bars  of  ^  inch  diameter  and  hardened  by  the 
blacksmith. 

As  noted  above,  after  the  steel  is  hardened  it  is  necessary  to 
anneal  or  draw  down  the  temper  to  the  desired  point.  This  point 
of  course  varies  with  the  qualities  wanted  and  with  the  percentages 
•of  the  carbon  and  of  nickel  present.     The  following  is  an  example: 
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0.66%  Carbon 

Tensile 
strength. 

Elastic 
limit. 

Extension. 

Contraction. 

Annealed 

127,700 

66,000 

12% 

20.5% 

Hardened  and  Annealed 

153,300 

92,000 

13% 

30% 

This  shows  improvement  in  every  quality  by  the  double  treatment. 


0.46%  Carbon  Steel. 


Tensile 
strength. 

Elastic 
limit. 

Extension. 

Contraction. 

Annealed 

98,000 

48,000 

21.6% 

29.9% 

Hardened  and  Annealed 

104,000 

61,000 

22.5% 

50.0% 

0.14%  Carbon  Steel. 


Tensile 
strength. 

Elastic 
limit. 

Extension.    |  Contraction. 

Annealed 

72,000 

41,000 

31% 

60% 

Hardened  and  Annealed 

74,000 

44,000 

31% 

70% 

This  shows  how  the  effect  varies  with  the  carbon.  A  steel 
may  be  still  farther  improved  by  being  re-treated.  Each  harden- 
ing refines  the  grain,  and  after  annealing  the  net  effect  is  always  a 
considerable  gain. 

Excellent  (jualities  can  be  obtained  in  properly  handled  steel, 
but  there  are  many  reasons  why  steel  should  show  bad  qualities 
when  not  properly  treated.  It  is  the  most  valuable  of  materials 
for  forgings,  but  the  necessity  of  rigid  specifications  and  of  in- 
trusting the  work  to  those  who  are  experienced  and  who  have 
proper  facilities  for  manufacture,  must  not  be  neglected.  Mo§t, 
and  perhaps  all,  of  the  mysterious  failures,  the  so-called  treachery 
of  steel,  is  traceable  to  bad  composition,  careless  or  ignorant  cool- 
ing of  the  ingot,  insufBcient  discard,  too  rapid  reheating,  forging 
under  too  light  a  hammer  or  too  rapid  reduction,  insufficient  work, 
a  finishing  temperature  either  too  high  or  too  low,  and  incorrect 
heat  treatment  after  forging.  None  of  these  things  are  vital  in 
handling  wrought  iron.  Elence  any  manufacturer,  accustomed  to 
working  iron  only,  is  likely  to  make  a  poor  job  in  the  case  of  steel. 
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SUR\  EYIXG  MINIXG  CLAIMS. 

By  Charles  Tappan,  Associate  }^Iember  [Montana  Society  of 

Engineers. 


[Read  before  the  Societj',  jMay  8,  1897.*] 

Surveys  of  mining  claims  by  United  States  Deputy  Mineral 
Surveyors,  for  the  purpose  of  securing  a  patent  from  the  United 
States,  "must  close  within  five-tenths  of  a  foot  in  one  thousand 
feet."  (See  ]\Ianual  for  1895,  page  10.)  This  recjuires  an  accuracy  in 
the  azimuth  of  the  courses  within  two  minutes  of  the  true  meridian. 
To  get  results  within  this  small  limit  of  error  and  to  run  from  five 
thousand  to  eight  thousand  feet  of  lines  per  day  over  a  rough 
mountain  country  is  what  a  deputy  is  usually  expected  to  do.  The 
work  is  naturally  divided  into  two  heads,  the  Transit  work  and  the 
Chaining. 

THE    TRANSIT    WORK. 

To  "deflect  a  course  from  the  true  meridian"  w'ith  an  error  of 
only  two  minutes,  it  is  necessary  to  have  a  good  instrument.  Per- 
sonal habits  and  tastes  will  cause  one  man  to  prefer  an  instrument 
that  another  might  consider  very  undesirable.  My  own  prefer- 
ence is  for  a  very  small  and  light  transit,  the  instrument  and  tripod 
together  weighing  about  twelve  pounds  and  not  encumbered  with 
any  solar  apparatus,  except  a  prismatic  eye-piece  to  take  direct 
observations  on  the  sun.  Not  being  familiar  with  the  solar  com- 
pass, I  shall  not  attempt  to  discuss  its  merits,  but  will  merely  say 
that  I  have  heard  it  reported  by  members  of  this  Society  as  being 
capable  of  setting  off  a  line  with  only  one  minute  of  error.  Ex- 
cellent results  can  be  obtained  by  direct  observations  on  the  sun 
and  reducing  the  observations  by  the  formula 

,/      ,  ICO.S.  S,    COS.  (s — p) 

COS.  Yz  Az  =  ^\ ! "^ f.  ' 

\'        COS.  <t>  COS.  h 

where  '^^  =  latitude,  /;  =  sun's  altitude,  p  =  sun's  polar  distance, 
and  .y  =^  half  sum  of  the  three.  There  are  several  other  solutions  of 
the  triangle,  but  the  foregoing  is  the  shortest.  When  .y  is  greater 
than  84  degrees  this  formula  should  not  be  used,  because  the  co- 
sine of  large  angles  varies  so  rapidly.  It  is  better,  in  such  cases, 
to  use  the  formula: 
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sin.  y,Az^^  \sr».\s-'i>)sin.Ts^h) 
\  COS.  *  COS.  h 

Instead  of  depending  on  one  sight  at  the  sun  and  one  reading 
of  the  circles,  it  is  l)etter  to  take  either  two  or  three  sights  at  the 
Sim  with  the  telescope  erect  and  then  two  or  three  with  the  tele- 
scope reversed  (to  do  this  it  is  necessary  to  have  a  full  vertical 
circle);  read  the  horizontal  and  vertical  circles  at  each  sighting  and 
take  the  mean  for  the  computation.  This  corrects  errors  arising 
from  non-adjustment  of  instrument,  especially  errors  in  the  col- 
limation,  from  unequal  height  of  standards  and  in  the  vertical 
circle.  It  takes  only  a  few  minutes  longer  to  take  the  several 
sights  and  readings. 

Always  take  a  sight  at  the  mark  or  foresight  after  observing 
the  sun,  to  be  certain  that  the  transit  has  not  moved  during  the 
observations.  If  the  tripod  has  been  wet,  and  if  the  observation  is 
made  the  first  thing  in  the  morning,  the  heat  of  the  sun  may  easily 
turn  the  transit  two  or  three  minutes.  If  possible,  observations 
should  be  taken  both  before  and  after  noon.  The  latitude  usually 
offers  the  greatest  difficulty  in  this  method  of  getting  the  course. 
It  is  so  often  inconvenient  to  take  a  latitude  observation  at  noon, 
that  the  great  majority  of  these  computations  are  made  from  lati- 
tudes calculated  from  the  public  surveys.  As  the  error  in  latitude, 
for  a  morning  observation,  causes  an  error  in  the  result  with  an 
opposite  sign  from  that  of  an  afternoon  observation,  the  mean  of 
the  two,  provided  they  are  taken  at  equal  hours  from  noon,  should 
give  the  correct  azimuth.  By  itsing  Professor  Johnson's  "Table  of 
Errors  in  Azimuth  by  Solar  Compass"  (reprinted  in  Gurley's 
"Ephemeris"),one  can  compare  morning  and  evening  observations 
taken  at  diiTerent  hours  from  noon.  For  example,  observations 
at  latitude  40  degrees  at  10  a.m.  and  5  p.m.  give  a  difference  of  four 
minutes  in  azimuth.  By  the  table,  the  morning  observation  would 
be  2.6  minutes,  the  evening  observation  1.3  minute  out,  and  the 
latitude  on?  minute  out.  By  making  a  new  set  of  computations 
with  corrected  latitude,  one  can  ascertain  whether  the  difiference-i.s 
actually  occasioned  by  using  the  wrong  latitude,  or  by  some  other 
error.  If  the  former,  the  observations  may  be  considered  correct. 
If  the  latter,  a  new  observation  should  be  made. 

In  running  lines,  it  is  not  usuall}"  necessary  to  use  hubs  witli 
tacks.  Almost  always,  in  a  mountainous  country,  unless  the 
timber  is  heavy,  a  backsight  or  a  foresight  upon  a  distant  object 
makes  it  easv  to  keep  a  line  straight  within  an  inch  in  fifteen  hun- 
dred feet,  without  being  ()\-er  careful  in  centering  at  each  hub.     It 
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is  very  convenient,  for  future  use,  to  sketch,  in  the  field-book,  the 
object  used  as  a  sight,  and  show  the  cross  wires  in  the  sketch. 

CHAINING. 

The  long,  thin  steel  tape  is  now  almost  universally  used  in  this 
kind  of  surveying.  The  length  of  tapes  depends  greatly  upon 
the  character  of  the  country,  whether  rolling  hills,  rough,  rocky 
mountains,  timbered  or  open.  In  the  Upper  Yellowstone  country 
I  first  used  a  300-foot  tape,  but  the  country  was  either  so  exceeding 
rough,  or  else  so  heavily  timbered,  that  about  as  rapid  progress 
could  be  made  with  a  200-foot  tape.  In  Utah,  especially  in  th« 
foothills,  distances  of  live  hundred  feet  and  more  can  very  fre- 
quently be  covered  with  one  stretch  of  the  tape.  Experiments  on 
a  carefully  measured  base  492.4  feet  long,  across  a  gulch,  showed 
that  a  500-foot  tape  could  be  stretched  by  two  men  of  ordinary 
strength,  using  a  pull  of  probably  seventy  pounds,  to  within  less 
than  one-tenth  of  a  foot  of  the  actual  distance.  The  pull  was  not 
measured  by  a  spring-balance.  It  was  as  heavy  a  pull  as  could 
be  conveniently  made  by  a  one  hundred  and  fifty  pound  man,  with 
the  tape  held  as  high  as  the  telescope  of  the  transit.  In  these 
experiments  the  tape  was  suspended  clear  of  all  supports,  the  angle 
of  elevation,  from  one  station  to  the  other,  was  5  degrees,  the 
length  of  tape  between  stations  494.3  feet,  which,  multiplied  by 
cosine  5  degrees,  is  =  494-42  feet.  The  tape  was  an  ordinary 
Roe  &  Sons  tape,  marked  every  five  feet  with  brass  or  copper 
plates,  and  every  foot  with  a  rivet.  It  is  best  to  measure  from  the- 
end  of  the  telescope  axis,  and  to  measure  the  vertical  angle  to  the 
hand  of  the  head  chainman.  The  precision  with  which  the  vertical 
angle  should  be  measured  depends  upon  the  steepness  of  the  slope. 
For  slopes  less  than  20  degrees,  it  is  sufficient  to  read  to  fifteen 
minutes.  For  reducing  the  measured  distance  to  the  horizontal, 
the  most  convenient  thing  to  use  is  an  old-fashioned  traverse  table, 
such  as  is  found  in  Scribner's  "Pocket  Book,"  or  Roe's  "Pocket 
Book."  These  have  distances  to  one  hundred  for  each  ^  degree. 
As  the  tables  are  to  two  places  of  decimals,  they  can  be  used  for 
distances  up  to  one  thousand  feet  for  one  decimal. 

The  error  that  most  frecjuently  enters  into  this  method  of 
chaining  is  that  of  reading  the  tape  length  ten  feet  wrong;  e.g.,  one 
has  the  178-feet  rivet,  the  first  thing  noticed  is  that  the  unit  is  8,  and 
as  the  i8o-feet  plate  is  the  one  seen  first,  the  distance  may  very 
easily  be  written  188  in  the  note-book.  By  having  the  back  flagman 
hold  the  back  end  of  the  tape  upon  the  last  station,  one  can  double 
chain  every  line  at  the  expense  of  very  little  extra  time,  except 
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where  the  country  is  so  open  that  the  head  chainman  can  proceed 
before  the  deputy  reaches  the  next  station.  It  is  a  very  good 
practice  to  check  by  stadia.  As  stadia  rods  are  always  cumber- 
some, it  is  desirable  to  find  some  good  substitute.  A  piece  of  stout 
canvas  about  one  inch  wide,  six  feet  long,  and  painted  like  a 
Philadelphia  leveling  rod,  with  a  plumb  and  bob  fastened  to  one 
end,  can  be  easily  read  up  to  distances  of  five  hundred  feet,  and 
when  held  by  the  top  is  sure  to  be  plumb.  This  pocket  rod  is  also 
very  convenient  in  setting  hubs  that  are  hidden  by  intervening 
rocks  or  low  brush,  and  for  measuring  distances  to  corners  of 
buildings  and  other  improvements,  wdiere  extreme  accuracy  is  not 
essential. 

A  very  pretty  check  on  the  chaining  of  long  lines  can  be  made 
whenever  some  distinct  object  is  visible  from  both  ends  of  the 
line  and  from  one  or  more  points  along  the  line.  Say  the  line  is 
fifteen  hundred  feet  long,  and  at  the  start  a  dead  tree-top  is  seen 
30  degrees  to  the  left.  By  measuring  the  angle  to  the  tree-top  at 
five  hundred,  one  thousand  and  fifteen  hundred  feet,  one  has  the 
base  and  two  angles  of  three  adjacent  triangles.  If  the  line  com- 
mon to  two  triangles  is  the  same  length  when  computed  from 
either  triangle,  it  follows  that  the  line  measured  is  correct.  It 
takes  but  a  few  seconds  to  measure  the  angles,  and  a  few  minutes 
to  make  the  computations.  If  the  object  is  properly  situated,  it 
can  be  used  as  a  check  on  the  end  lines. 

DISCUSSION. 

AIr.  John  Herron. — Mr.  Tappan's  paper  is  an  expression  of 
that  improvement  which  the  practice  of  to-day  shows  over  the 
work  of  past  years.  It  surely  speaks  well  for  the  profession  when 
we  see  these  attempts  to  make  surveying  something  more  than  a 
mere  trade.  It  has  long  been  customary  to  consider  accuracy  non- 
essential in  the  survey  of  the  surface  lines  of  a  mining  claim,  and 
there  are  but  few  of  us  who  have  criticised  the  work  of  our  fellows 
as  lacking  in  this  respect.  The  calculation  of  field  notes  may  show 
that  a  survey  has  closed  within  the  prescribed  limits  ©f  errors,  and 
yet  the  actual  positions  of  corners  and  lengths  of  boundar}^  lines 
may  vary  greatly  from  the  result  of  the  calculations. 

There  is  no  gainsaying  that  the  official  survey  of  a  mining 
claim  should  be  exact — not  an  approximation.  It  is  useless  to  lay 
down  rules  which  give  results  that  are  "close  enough."  Those 
of  us  whose  work  has  led  into  the  projection  of  the  boundary  lines 
of  claims  to  the  lower  levels  of  deep  mines,  know  what  a  few  feet 
mav  mean  in  the  proximity  of  an  ore  body. 
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No  surveyor  nowadays  trusts  his  chainman  to  hold  a  tape  hne 
horizontal  on  a  steep  mountain  side.  It  cannot  be  done  except  in 
such  short  lengths  that  the  frequent  "breakings  of  chain"  is  in 
itself  a  source  of  error.  The  method  of  chain  measurements  out- 
lined by  Mr.  Tappan  is  the  one  productive  of  best  results,  where 
reasonable  speed  is  desired.  If  carefully  done,  it  will  vary  but 
little,  in  the  length  of  an  ordinary  claim,  from  the  result  obtained 
by  measuring  the  slope  distance  between  points  as  an  hypotenuse, 
obtaining  the  perpendicular  by  a  line  of  levels,  and  calculating  the 
base  for  the  horizontal  distance.  This  is  tediotJS,  if  the  line  be 
long,  as  the  result  required  is  the  sum  of  the  bases  of  a  number  of 
triangles — depending  on  the  length  of  the  chain  or  tape  used.  I 
differ  from  Mr.  Tappan  as  to  the  utility  of  transit  points.  For 
good  work  I  believe  in  placing  hubs  with  tacks  at  every  chain- 
length,  using  every  other  one  as  a  transit  point.  Then,  with  an 
assumed  datum  as  the  elevation  of  the  starting  point,  noting  the 
height  of  instrument,  the  vertical  angle  is  read  to  the  first  station 
ahead  and  the  slope  distance  from  axis  of  instrument  is  measured. 
Then,  moving  to  the  second  station,  the  vertical  angle  and  the 
slope  distance  are  taken,  back  to  the  first  station,  and  ahead  to  the 
third  station,  after  which  the  transit  moves  to  station  No.  4.  The 
advantage  of  this  method  is  that,  simultaneously  with  the  transit 
line,  a  line  of  levels  is  being  carried  on  which  may  be  of  great  use — 
some  day — to  some  one,  if  not  to  the  man  who  makes  the  survey. 
It  also  offers  a  method  of  checking  work,  as  satisfactory  as  the 
stadia,  for  a  vertical  angle  can  be  read  to  any  point  on  the  line 
whose  elevation  has  already  been  determined,  which  elevation 
should  be  the  present  height  of  instrument,  plus  or  minus  tangent 
of  vertical  angle  multiplied  by  horizontal  distance,  as  shown  by 
notes. 

The  writer  has  in  mind  an  example  of  extreme  accuracy  in  a 
survey  made  in  this  manner.  In  the  trial  of  an  important  mining 
suit  the  respective  parties  exhibited  maps  of  the  claims  in  contro- 
versy, including  the  underground  workings.  One  map  had  been 
prepared  from  very  careful  triangulation  surveys,  extending  over  a 
period  of  several  years,  and  from  carefully  run  lines  of  levels.  The 
other  map  was  prepared  from  notes  of  surveys  made  in  the  man- 
ner referred  to.  Both  niaps  showed  surface  and  underground 
workings  extending  over  a  distance  of  about  half  a  mile  in  plan, 
and  comprising  several  miles  of  actual  surveys,  yet  tracings  of 
both  maps  corresponds  almost  exactly,  and  levels  between  points 
nearly  six  hundred  feet  apart  vertically,  which  required  three- 
quarters  of  a  mile  of  surface  and  three-quarters  of  a  mile  of  under- 
ground surveys,  checked  within  0.52  feet. 
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. Meteorolo.uk-al   Investigations  in  the  Free  Air,  at  the  Bhie 
Hill  Obsei'vatory,  3Iilt<)n,  3Iassachiisetts. 


Bv  A.  Lawrence  Rotch,  S.B.,  A.]\I.,  Director. 


[Read  before  the  Boston  Society  of  Civil  Engineers,  May  19,  1897.*] 

Ix  their  relation  to  the  atmosphere,  men  resemble  organisms 
which  inhabit  the  depths  of  the  ocean;  and  the  slowness  of  the 
development  of  meteorology  into  a  science  is  due  to  the  difficulties 
of  exploring  the  aerial  ocean.  The  earliest  attempts  to  explore  the 
upper  air  were,  of  course,  made  by  mountain  and  balloon  ascen- 
sions, and  it  is  worthy  of  remark  that  the  first  scientific  balloon 
voyage  was  made  by  a  Bostonian,  Dr.  John  Jeffries,  in  1784,  from 
London.  During  the  next  century  there  were  many  high  balloon 
ascents.  In  1862,  Glaisher,  in  England,  rose  nearly  six  miles,  and, 
in  1893,  .Berson,  in  Germany,  reached  aboiu  the  same  height,  and, 
with  improved  instruments,  obtained,  for  the  first  time,  trust- 
worthy data.  Balloon  ascents,  however,  are  sporadic  and  give 
little  information  about  the  atmospheric  changes  which  occur  from 
day  to  day.  Continuous  observations  can  be  made  only  on  moun- 
tains, and  in  this  respect  great  strides  upward  have  been  taken 
during  the  past  tw'enty  years.  The  French  have  expended  the 
most  money  on  their  outposts,  wdiich  are  fortresses  to  withstand 
the  fury  of  the  elements,  but  the  most  valuable  results  have  been 
derived  from  the  Austrian  stations  under  the  direction  of  Dr. 
Hann.  The  highest  meteorological  station  in  the  world,  which, 
instead  of  observers,  has  an  automatic  recording  apparatus  made 
by  Mr.  Fergusson  at  Blue  Hill,  is  maintained  by  the  Harvard  Ob- 
servatory on  El  iMisti,  in  Peru,  at  an  elevation  of  over  19,000  feet. 

The  Blue  Hill  Observatory  is  not  a  mountain  station,  but  the 
conditions  there  are  approximately  those  of  the  free  air  just  above 
the  surface  of  the  earth.  As  an  illustration  of  the  effect  of  the  fric- 
tion of  the  ground  on  the  wind,  it  ma}-  be  stated  that  its  velocity 
on  Blue  Hill  averages  60  per  cent,  greater  than  on  the  tower  of  the 
Post  Office  in  Boston,  only  460  feet  lower.  The  influence  of  the 
artificial  heating  of  a  city,  in  raising  the  air  temperature,  is  shown 
by  the  fact  that  the  difference  between  the  Boston  and  Blue  Hill 
temperatures  in  winter  is  greater  than  the  mean  difference  for  the 
year,  which  is  about  three  degrees. 

I  now  come  to  the  special  subject  of  my  paper,  the  investiga- 
tion of  the  free  air  from  the  summit  of  Blue  Flill.     Soon  after  the 
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foundation  of  my  Observatory,  in  1885.  detailed  cloud  observa- 
tions were  begun  by  Mr.  Clayton,  and  nowhere  else  in  the  United 
States  has  so  much  attention  been  given  to  the  study  of  clouds. 
There  is  a  long-  record  of  the  amount  of  cloud  at  each  hour,  con- 
sisting- of  personal  estimates  during  the  day  and  of  an  automatic 
record  at  night  by  an  instrument  called  the  Pole  Star  Recorder, 
which  gives  a  continuous  photograph  of  the  sky  around  Polaris. 
When  the  trail  of  the  star  on  the  photographic  plate  is  unbroken 
the  skv  around  Polaris  is  clear,  while  when  the  trail  is  broken  or 


Fig.  I. 

obscured  the  sky  is  partly  or  entirely  covered  with  clouds.  The 
direction  of  motion  and  relative  velocity  of  the  clouds  are  fre- 
quently observed  by  means  of  a  cloud  mirror  or  nephoscope.  The 
measurement  of  cloud  heights  was  begun  in  1890  bv  Messrs. 
Clayton  and  h\'rgusson  according  to  the  system  previously  used  at 
Upsala  in  Sweden.  These  theodolite  measurements  were  again  un- 
dertaken last  year  here,  and  also  in  Washington  in  connection  with 
an  international  scheme  of  observation.     The  method  is  as  follows: 
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At  two  stations,  a  mile  or  more  apart,  two  observers  each  with  the 
specially  constructed  theodolite  shown  in  Fig.  I,  measure  the  azi- 
muth and  altitude  of  some  point  of  a  cloud  whose  identity  is  as- 
sured by  telephonic  conversation.  Synchronous  observations  are 
secured  by  the  beating-  of  an  electric  pendulum.  The  probable 
error  of  the  calculated  heights  of  the  highest  clouds  is  only  a  few 
hundred  feet.  Simultaneous  observations  of  the  position  of  the 
cloud,  at  a  definite  interval  of  time,  enable  its  velocity  to  be  calcu- 
lated, or  this  may  be  obtained  from  the  relative  velocity  when  the 
height  is  known.  Four  other  methods  of  measuring  cloud  heights 
are  employed  at  Blue  Hill.  One  of  them  is  by  the  shadows  of  low 
clouds.  The  angle  of  the  cloud  from  the  Observatory  is  measured, 
the  angle  of  the  sun  with  the  horizon  is  found  from  tables,  and  the 
distance  of  the  shadow  on  the  landscape  is  ascertained  from  a  map. 
These  elements  of  a  triangle  enal)le  the  cloud  height  to  be  calcu- 
lated, and  its  velocity  may  be  determined  from  the  time  of  passage 
of  its  shadows  over  known  points.  The  only  method  of  measuring 
certain  high  and  uniform  cloud  strata  is  by  means  of  the  light  re- 
flected upon  them  at  night  from  cities.  The  angle  which  the  cen- 
ter of  the  illumination  makes  with  the  horizon  is  measured;  and, 
having  the  distance  of  the  city,  the  right-angled  triangle  may  be 
solved.  An  accurate  method  for  low  and  uniform  clouds  is  to 
send  up  kites  into  and  through  the  clouds.  The  amount  of  line 
and  its  angle  when  the  kites  disappear  give  the  height  of  the  lower 
surface,  and  the  records  of  barograph  and  hygrograph,  which  are 
carried  by  the  kites,  determine  the  upper  limit  of  the  cloud,  and, 
therefore,  its  thickness.  Still  another  method,  for  very  low  stratus 
or  nimbus,  is  to  note  the  height  of  the  base  on  the  sides  of  Blue 
Hill. 

As  a  result  of  these  measures,  the  heights  and  velocities  of 
drift  of  the  various  clouds  are  accurately  determined.  The  mean 
height  of  the  cirrus  cloud  is  about  29,000  feet,  though  it  is  some- 
times found  as  high  as  49,000  feet.  The  mean  height  of  the  cumu- 
lus is  4600  feet,  or  a  little  less  than  a  mile,  but  the  tops  of  the 
cumulo-nimbus,  or  thunder-shower  clouds,  penetrate  into  the  cir- 
rus region.  The  average  height  of  the  nimbus,  or  rain-cloud,  is 
only  2300  feet,  and  it  often  sinks  below  the  top  of  .Blue  Hill.  The 
average  velocity  of  the  cirrus  clouds  is  89  miles  an  hour,  but  in 
winter  they  sometimes  have  the  enormous  velocity  of  230  miles  an 
hour.  The  observations  show  that  the  entire  atmosphere,  from 
the  lowest  to  the  highest  level,  moves  twice  as  fast  in  winter  as  in 
summer,  and  that  between  heights  of  two  and  nine  miles  there  is 
an  almost  continuous  westerlv  current  of  great  velocity,  the  in- 
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crease  of  velocity  from  the  lowest  to  the  highest  clouds  being  a 
linear  function  of  the  height.  Whenever  clouds  are  visible,  there- 
fore, it  is  possible  to  ascertain  the  direction  and  velocity  of  the 
currents  at  the  levels  at  which  they  float.  Those  readers  who  are 
interested  in  the  subject  of  clouds  will  find  a  discussion  of  the  Blue 
Hill  and  related  data,  by  Mr.  Clayton,  in  Part  v,  of  vol.  xxx, 
of  the  Annals  of  Harvard  College  Observatory,  which  a  competent 
wTiter  in  Tlie  Nation  has  termed  "by  far  the  most  thorough  study  of 
the  kind  ever  undertaken  in  this  country,  if  not  in  the  world." 

More  important  factors  m  the  science  of  the  weather,  because 
they  are  causes  rather  than  effects,  are  the  changes  of  barometric 
pressure,  air  temperature  and  humidity  with  height.  The  former 
.can  be  determined  only  by  observations  at  fixed  heights,  as  on 
mountains,  but  the  other  elements  are  greatly  affected  by  the  mass 
and  covering  of  the  mountain  upon  wdiich  the  observations  are 
made.  I  have  already  stated  that  daily  observations  in  free  bal- 
loons are  impossible,  while  their  rapid  passage  through  the  air 
makes  observation  at  fixed  points  difficult.  Moreover,  the  balloon 
itself,  heated  by  the  sun,  affects  the  tem^>erature  readings  unless 
special  means  are  taken  to  avoid  this,  and  so  all  the  early  balloon 
observations  are  probably  more  or  less  inaccurate.  Captive  bal- 
loons have  been  tried  for  exploring  ih^  lower  air,  both  with  observ- 
ers and  with  self-recording  instruments  without  observers.  Their 
height  is  necessarily  limited  by  the  weight  of  cable,  and  strong 
winds  drive  them  down,  so  that  heights  exceeding  2000  feet  can 
hardly  be  attained.  Their  cost,  also,  is  a  drawback.  Kites  have 
none  of  their  disadvantages  and  they  fail  only  when  there  is  too  lit- 
tle wind  at  the  ground,  a  condition  which  seldom  extends  aloft. 

The  honor  of  making  the  first  thorough  exploration  of  the 
lower  mile  of  free  air  belongs  to  the  Blue  Hill  Observatory,  and 
especially  to  Messrs.  Clayton,  Fergusson  and  Sweetland,  my  as- 
sistants, who  have  devised  nev/  apparatus  and  methods,  and  have 
carried  the  work  to  such  success  that  it  is  being  imitated  in  this 
country  and  in  Europe. 

Although  the  first  scientific  use  of  kites  is  commonly  attri- 
buted to  Franklin,  it  is  now  known  that  three  years  previously, 
that  is,  in  1749,  Dr.  Wilson,  in  Scotland,  sent  into  the  clouds 
thermometers  attached  to  kites,  and  in  1822  the  temperature  in 
the  Arctic  regions  was  obtained  by  self-registering  thermometers 
raised  in  this  way.  The  first  systematic  use  of  kites  in  meteoro- 
logy was  in  1883,  when  Archibald,  in  England,  obtained  differ- 
ential measures  of  wind  velocit)^  by  anemometers  attached  to  kites 
flown  tandem  with  steel  wire.     These  instruments  indicated  only 
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extremes  or  totals,  and  it  was  necessary  to  record  graphically  and 
continuously  before  simultaneous  observations  could  be  obtained 
at  the  ground  and  in  the  free  air,  and  upon  doing  this  depends 
the  value  of  our  work  at  .Blue  Hill.  Up  to  this  time  self-record- 
ing instruments  were  too  heavy  to  be  lifted  by  kites,  but  Mr. 
Fergusson  remodeled  a  Richard  thermograph  so  that  it  weighed 
only  24  ounces  and,  on  August  4,  1894,  this  instrument  was 
elevated  about  1500  feet  above  Blue  Hill.  Since  then,  meteoro- 
graphs recording  three  elements  and  weighing  less  than  three 
pounds  have  been  constructed  by  'Sir.  Fergusson,  and  by  AI. 
Richard  for  use  at  Blue  Hill.  They  record  atmospheric  pres- 
sure, air  temperature,  and  either  relative  humidity  or  wind  velocity. 


Fig.  2 

A  factor  in  the  success  attained  was  the  substitution  of  steel  music- 
wire  for  cord  as  a  kite-line.  The  wire  has  the  same  weight  as  the 
cord,  and  is  twice  as  strong  and  only  one-sixth  the  diameter.  This 
reduction  of  surface  exposed,  is  important  in  lessening  the  wind 
pressure.  J  he  wire  now  used  is  Xo.  14,  ]M.  ^^^  G..  having  a  di- 
ameter of  0.033  inch  and  a  tensile  strength  of  about  300  pounds. 
Thus  the  analogy  of  these  aerial  soundings  to  the  deep-sea  sound- 
ings is  borne  out,  and  it  will  be  completed  by  the  substitution  of  a 
strain  ])ullc}'  and  a  storage  reel,  similar  to  that  used  in  deep-sea 
sounding,  for  the  present  drum,  which  threatens  to  collapse  under 
the  accumulated  pressure  of  the  coils  of  wire.  Several  forms  of 
kites  are  employed,  such  as  the  Eddy  or  Malay  tailless  kite,  the 
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Hargrave  or  cellular  kite,  and.  latterly,  a  kite  with  a  keel  on  the 
front  surface,  devised  b}'  Mr.  Clayton.  These  are  shown  lifting  the 
metrograph  in  P'ig.  2,  while  Fig.  3  gives  a  general  view  of  the  Ob- 
servatory with  the  kites  and  the  hand-reel.  The  kites  weigh  from 
two  to  three  ounces  per  square  foot  of  lifting  surface  which,  in  a 
twenty-five-mile  wind,  exerts  a  pull  of  about  one  pound  on  the 
line.  The  meteorograph  is  hung  between  two  kites  and  other 
kites  are  attached  to  the  wire  at  intervals  so  that  its  angle  above  the 
horizon  shall  not  fall  below  30°  or  40°.  notwithstanding  the  in- 
creasing weight  of  wire  (15  11)5.  per  mile)  and  the  pressure  of  the 
wind  upon  it.     The  pull  on  the  windlass  is  recorded  by  a  dynamo- 


iH 


Fig.  3. 

graph.  A  measuring  device  registers  the  length  of  wire  uncoiled, 
and  from  this  and  from  the  angular  elevation  of  the  meteorograph, 
its  vertical  height  is  computed,  after  making  allowance  for  the  sag 
of  the  wire,  which  amounts  to  about  two  per  cent,  of  its  length. 
When  the  meteorograph  is  hidden  by  clouds,  differential  measures 
of  its  heights  are  obtained  from  its  barometric  record. 

To  sum  up  briefly  the  results,  I  may  say  that  about  130  records 
have  been  obtained  at  all  seasons  and  in  all  kinds  of  weather,  with 
winds  varying  from  fourteen  to  forty  miles  per  hour.  Several 
records  have  been  brought  down  from  more  than  a  mile  above  the 
hill,  and  last  October  the  maximum  altitude  of  8740  feet  above  the 
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hill,  or  9370  feet  above  the  sea,  was  reached.  From  the  direction 
of  the  kites  in  different  air  strata,  the  change  of  direction  of  the 
wind  at  various  levels  is  determined.  Usually  there  is  an  increase 
of  wind  with  altitude,  the  rate  of  increase  being  about  25  per  cent, 
in  the  first  looo  feet.  The  changes  of  temperature  and  of  relative 
humidity  are  often  very  abrupt.  Thus,  before  a  cold  wave  is  felt  at 
the  earth's  surface,  the  normal  decrease  of  temperature  with  eleva- 
tion (about  1°  per  250  feet)  is  much  accelerated,  and  before  a  warm 
wave  comes  on  below,  a  marked  inversion  of  temperature  at  a 
height  of  half  a  mile  has  several  times  been  noted.  The  observa- 
tions, so  far  as  studied,  seem  to  show  that,  at  a  height  of  a  mile, 


Fig.  4. 

there  is  no  diurnal  change  of  temperature,  but  that  in  fair  weather 
the  days  are  damp  and  the  nights  are  dry,  or  the  reverse  of  what 
occurs  at  the  earth's  surface.  A  discussion  of  the  observations 
will  be  published  in  the  Annals  with  the  Blue  Hill  observations  for 
1896.  By  means  of  a  grant  from  the  Hodgkins  Fund  of  the  Smith- 
sonian Institution,  a  steam  reeling  apparatus  was  constructed  last 
winter,  and  Fig.  4  shows  the  first  application  of  steam  to  kite- 
flying. With  perfected  apparatus  during  the  coming  summer,  it 
is  confidently  expected  that  records  will  be  obtained  at  an  altitude 
exceeding  10,000  feet  above  Blue  Flill. 


Editors  reprinting  articles  from  this  journal  are  requested  to  credit  both 
the  Journal  and  the  Society  before  which  such  articles  were  read. 
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OPERATION  OF  THE  LOS  ANGELE8  OUTFALL  SEWER 
AXD   SEWAGE  IRRIGATION. 


By  Burr  Bassell,  Member  Technical  Society  of  the  Pacific 

Coast. 


[Read  before  the  Society,  May  7,  1897.*] 

A  DESCRIPTION  of  the  sewerage  system  of  the  city  of  Los 
Angeles  was  piibHshed  in  Engineering  Nezvs  of  February  28,  1895. 
This  included  an  account  of  the  construction  of  the  Outfall 
Sewer,  which  had  been  completed  in  the  spring  of  the  previous 
year.  After  a  lapse  of  two  years,  the  writer  of  the  article  feels 
warranted  in  giving  an  account  of  its  operation. 

The  experience  derived  from  the  working  of  this  plan,  for 
sufficient  time  to  test  its  merits  will  furnish  valuable  lessons  for 
engineers  and  irrigators. 

An  apology  is  due  the  Society  for  presenting  the  subject 
matter  of  this  paper  in  its  present  form;  but  owing  to  circum- 
stances over  which  the  writer  had  no  control,  he  is  compelled  to  do 
so,  or  else  fail  to  present  the  paper  as  announced.  His  aim,  there- 
fore, has  been  to  induce  discussion  and  make  the  paper  suggestive 
rather  than  exhaustive. 

Map  and  profile  of  the  Outfall  Sewer,  together  with  details 
of  the  most  important  structures,  are  shown  on  plates  i,  2  and  3. 

The  accompanying  photographs  may  also  serve  to  make  the 
subject  matter  a  little  clearer. 

Fig.  I.     View  of  wood-stave  pipe  construction  on  Section  3. 

Fig.  2.     Blow-ofif  on  first  siphon. 

Fig.  3.     Irrigating  hydrant. 

♦Manuscript  received  July  10,  1897. — Secretary,  Ass'n  of  Eng.  Sees. 
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Figs.  4,  5  and  6.     Views  of  launching  cast-iron  pipe. 

Figs.  7  and  8,     Break  in  Lateral  No.  i. 

For  convenient  reference  the  writer  submits  a  table,  as  pub- 
lished in  Engineering  A'czvs,  giving,  for  each  section,  the  name  of 
the  contractor,  date  of  construction,  size  and  length  of  section, 
character  of  materials,  quantities,  cost,  etc. 

Those  who  may  not  have  access  to  the  files  of  that  journal 
may  be  interested  in  a  brief  description  of  the  Outfall  Sewer,  and 
some  account  of  its  construction. 

The  Outfall  properly  begins  within  the  city  limits  at  the 
intersection  of  Grand  Avenue  with  Jefferson  Street,  and  extends 
in  a  southwesterly  direction  to  the  Pacific  Ocean,  a  total  distance 
of  12.4  miles. 

The  line  was  divided  into  ten  working  sections  of  unequal 
lengths,  and  separate  bids  were  received  for  each  section,  complete. 

Section  i  is  a  circular  brick  conduit,  52  inches  in  diameter, 
2463  feet  in  length,  having  a  grade  of  i  in  600.  From  the  end  of 
Section  i,  the  Outfall  will  eventually  be  a  double  conduit,  except- 
ing the  tunnel  portions,  which  were  made  large  enough  to  carry 
the  sewage  of  both  conduits  when  built.  Provision  was  made  also 
at  all  structures  for  the  second  conduit. 

Section  2  is  a  circular  brick  conduit  40  inches  in  diameter, 
4435  feet  in  length,  having  a  grade  of  i  in  800.  This  gradient  is 
maintained  by  means  of  vertical  drops  for  all  the  remaining  por- 
tion, excepting  the  siphons  and  the  ocean  section. 

A  settling  chamber,  designed  to  collect  sand  and  other  heavy 
substances,  was  built  at  the  end  of  Section  2.  It  has  four  com- 
partments, consisting  of  a  receiving  and  discharge  chamber  at  the 
ends,  with  two  elongated  apartments  between,  separated  from  the 
end  chambers  by  a  double  set  of  boiler-plate  sluice  gates.  The 
middle  apartments  are  provided  with  sand-pits  4  feet  deep,  with 
horizontal  screens  over  them,  on  the  grade  line  of  the  sewer. 

Section  3  embraces  the  first  wood-stave  siphon,  which  is  38 
inches  in  diameter  and  16,936  feet  in  length.  On  this  section  there 
are  three  blow-ofifs  and  five  hydrants,  with  several  additional  man- 
holes. The  lowest  portion  of  this  siphon  is  about  27  feet  below 
the  hydraulic  grade  line.  At  the  lower  end  was  placed  a  butterfly 
valve  provided  with  a  geared  handwheel,  for  easy  manipulation. 

Sections  4  and  5  are  each  partly  in  tunnel  and  partly  in  40- 
inch  brick  conduit.  The  lengths  of  the  tunnel  and  of  the  brick 
conduit  are  5789  feet  and  2730  feet  respectively,  aggregating  8519 
feet  for  the  two  sections. 

The   tunnels   are    lined   throughout,    having   a    semi-circular 
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invert  of  concrete,  and  an  egg-shaped  arch  of  brick-work.  In 
section  they  are  4^  feet  wide  and  6  feet  high.  The  average  cross- 
sectional  area  of  the  excavation  was  about  52  square  feet.  The 
material  encountered  was  mainly  sand,  and  in  places  very  fine  and 
difficult  to  handle. 

At  the  end  of  Section  5  is  a  drop-chamber,  provided  with 
gates  for  delivering  sewage  to  Lateral  ]\'o.  i. 

Section  6  embraces  the  second  wood-stave  siphon,  which  is 
36  inches  in  diameter  and  17,174  feet  in  length.  On  this  section 
there  are  seven  hydrants,  beside  several  manholes.  The  struc- 
tures provided  for  delivering  sewage  to  Laterals  No.  ?.  and  3  will 
serve  the  purpose  of  blow-ofifs  when  necessary. 

The  lowest  portion  of  this  siphor^  is  about  25  feet  below  the 
hydraulic  grade  line.  It  may  be  well  to  state,  in  this  connection, 
that  one  straightway  valve  has  been  placed  in  each  siphon  since 
the  sewer  was  finished,  as  will  be  noted  later  on. 

The  end  of  this  siphon  is  provided  with  a  butterfly  valve, 
similar  to  the  one  at  the  end  of  the  first  siphon. 

Sections  7  and  8  are  40-inch  brick  conduits,  and  aggregate 
10,830  feet  in  length. 

Section  9  has  1976  feet  of  brick  conduit  and  2084  feet  of 
tunnel  passing  through  the  sand  dunes  skirting  the  coast. 

The  Ocean  Section  (No.  10)  consists  of  1200  feet  of  24-inch 
cast-iron  flanged  pipe,  extending  originally  600  feet  into  the  sea. 

The  pipe  was  bolted  together  with  a  ring  of  pure  rubber, 
f  inch  square,  in  each  joint.  This  gave  sufficient  flexibility  to  the 
line  to  permit  launching  in  the  following  manner: 

On  the  sloping  shore-front  about  600  feet  of  pipe  was  first 
bolted  together  and  placed  upon  two  timber  stringers,  one  on  each 
side,  to  which  the  pipe  was  fastened  by  f-inch  rods.  Wooden 
rollers  were  placed  between  these  stringers,  and  two  lines  of 
boards,  2  inches  by  12  inches,  were  laid  upon  the  ground.  This 
whole  line  was  then  slowly  moved  out  to  its  final  position  by  means 
of  capstans,  operated  by  horse  power.  Figs,  numbered  4.  5  and  6 
show  quite  clearly  the  manner  of  launching.  No  attempt  was 
made  to  anchor  the  pipe,  or  to  protect  in  any  way  the  portion  lying 
on  the  ocean  bed,  the  outer  end  being  submerged  in  about  20  feet 
of  water. 

Littoral  currents,  resulting  from  heavy  storms,  have  shifted 
the  pipe  about  fifteen  (15)  feet  out  of  alignment,  causing  it  to 
break  on  shore  at  a  point  about  one  hundred  feet  from  line  of  low 
tide.  As  .soon  as  this  occurred,  the  sewage,  rushing  out  of  the 
pipe  at  great  velocity,  cut  out  a  large  basin  which  kept  constantly 
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encroaching  upon  the  bkiff.  Section  after  section  of  the  pipe 
broke  off  and  dropped  into  the  pool  below.  To  stop  this  action, 
a  short  line  of  sheet  piling-  was  driven,  at  right  angles  to  the  sewer, 
near  the  base  of  the  bluff,  and  a  wooden  flume  was  constructed  to 
carry  the  sewage  out  some  distance  beyond.  This  is,  of  course, 
only  a  temporary  solution  of  the  difficulty.  The  sewage  eddies 
around  in  a  large  circular  pool,  and  has  cut  a  channel  northerly 
along  the  base  of  the  bluff  for  about  four  hundred  feet.  It  there 
flows  into  the  ocean. 

Upon  examination  of  the  exposed  portion  of  the  pipe,  lying 
only  partially  imbedded  in  the  beach  sand,  the  writer  observed  that 
many  of  the  bolts  of  the  flanged  joints  were  missing;  that  the 
rubber  between  the  flanges  seemed  to  have  hardened,  and  that  the 
f-inch  rods,  used  at  the  time  of  launching  to  hold  the  pipe  to  the 
wooden  stringers  under  which  the  rollers  were  placed,  were 
entirely  rusted  and  worn  apart. 

It  is  hoped  that  some  of  the  following  points  of  constructive 
details  and  experiences  may  call  forth  discussion  from  members  of 
the  Society: 

The  most  important  change  or  addition  to  the  settling- 
chamber,  which  has  been  made  as  a  result  of  practical  experience, 
consists  of  an  emergency  wasteway  conduit,  24  inches  by  30 
inches,  connecting  with  the  first  apartment  of  the  chamber.  The 
conduit  is  provided  with  an  ordinary  sluice-gate  with  emergency 
overflow  opening  at  the  top. 

This  branch  enables  the  superintendent  to  use  the  sewage  on 
about  four  hundred  acres  of  land  which  could  not  otherwise  be 
irrigated,  being  higher  than  the  first  hydrant. 

An  additional  grating,  made  of  i-inch  iron  rods  placed  verti- 
cally in  front  of  the  38-inch  siphon,  and  spaced  6  inches  apart, 
center  to  center,  was  deemed  necessary  by  the  superintendent, 
after  finding  that  some  malicious  person  had  dropped  an  empty 
barrel  into  the  chamber  below  the  rubbish  screen  first  constructed. 

The  superintendent  visits  the  chamber  daily,  and  with  a  long- 
handled  fork,  having  suitably  curved  prongs,  forks  the  accumu- 
lated rubbish  off  the  screens,  and  deposits  it  in  closed  boxes  placed 
flush  with  the  surface  of  the  ground  at  each  end  of  the  chamber. 
These  are  carted  away  weekly  at  a  cost  of  50  cents  per  week. 

A  large  quantity  of  fine  sand  accumulates  in  the  pit  and  at 
the  corners  of  the  chamber.  This  is  cleaned  out  about  twice  a 
year,  but  much  the  larger  portion  passes  on  through  the  sewer. 
In  the  article  to  which  frequent  reference  is  here  made,  the  writer 
expressed  his  opinion  that  this  chamber  would  prove  useless  except 
as  a  rubbish  collector. 
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Regarding  its  use  as  a  sand-box  and  arrester  of  "valuable 
articles,"  as  advocated  by  the  City  Engineer,  he  is  of  the  same 
opinion  still.  It  has  been  made  to  serve  a  useful  purpose,  how- 
ever, as  an  emergency  wasteway  and  point  of  diversion  for  sewage 
irrigation. 

The  horizontal  screens  proved  a  nuisance  when  the  chamber 
was  being  cleaned,  and  were  abandoned  as  useless. 

The  specifications  called  for  "hard-burned  brick,  with  a  crush- 
ing strength  of  not  less  than  2500  pounds  per  square  Inch."  The 
brick  and  concrete  work  were  both  exceptionally  good,  largely 
due  to  the  fact  that  the  city  furnished  all  the  cement  used,  and  also 
to  the  painstaking  care  of  Mr.  H.  P.  Vincent,  the  engineer  who 
designed  and  superintended  the  construction  of  the  sewer,  who 
insisted  upon  the  specifications  being  fully  complied  with. 

The  bricks  were  of  a  superior  quality,  and  were  thoroughly 
wetted  by  immersion  before  using.  This  is  one  of  those  small 
details  the  observance  of  which  will  cover  a  multitude  of  sins  com- 
mitted by  masons. 

The  specifications  for  wooden  pipes  called  for  round  rods  of 
f  inch  diameter,  medium  steel,  with  nuts  not  less  than  |  inch  in 
thickness.  The  threads  were  to  be  of  Franklin  Institute  Standard 
as  to  form,  but  to  have  sixteen  threads  per  inch. 

In  the  article  referred  to,  it  was  stated  that  trouble  was  ex- 
perienced during  construction  by  the  stripping  olif  of  the  nuts 
while  cinching  the  pipe,  and  that,  upon  finding  they  were  not  al- 
ways uniformly  and  properly  cut ;  this  was  thought  to  be  the  cause 
of  the  trouble.  Others  claim  that  there  should  not  have  been  as 
many  as  sixteen  threads  per  inch. 

The  cast-iron  shoe  used  is  locally  known  as  the  "Register 
Patent,"  and  is  faulty  in  at  least  one  feature,  viz:  that  the  bands 
cross  each  other  in  such  a  manner  as  to  produce  a  shearing  strain 
on  the  projecting  points.  The  first  shoe  used  was  cast  so  light 
that  a  large  percentage  of  these  points  would  break;  the  shoes 
were  then  made  heavier,  weighing  three  pounds  each,  and  better 
results  were  obtained. 

Considerable  trouble  was  experienced  also  in  making  the 
siphons  water-tight,  owing  to  the  fact  that  the  wood-stave  pipe  was 
laid  by  inexperienced  workmen  and  not  properly  cinched.  The 
importance  of  seating  the  bands  well  into  the  staves  by  means  of 
wooden  mallets  during  the  process  of  cinching  was  clearly  demon- 
strated. 

At  structure  43A,  the  siphon  deflects  to  the  right  56^  degrees, 
and,  on  account  of  the  narrow  right-of-way  secured  (15  feet),  a 
boiler-plate  knee  was  used  in  preference  to  a  curve. 
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During  the  rush  of  construction,  the  City  Engineer  asked  the 
writer  to  design  a  drop-chamber  for  structure  No.  67,  at  the  end 
of  Section  8.  He  did  so,  making  the  length  twelve  feet.  This 
design  was  criticised  by  some  of  his  superiors  as  being  unneces- 
sarily large.  The  writer  maintains  that  the  mean  velocity  of 
approach  should  not  be  made  the  governing  factor  in  determining 
the  path  of  the  jet,  and  that  the  graphical  method,  usually  em- 
ployed in  stich  cases,  showing  parabolic  curves,  is  incorrect.  He 
hardly  expects  this  statement,  however,  to  lead  to  a  Fanning- 
Frizell  discussion. 

Having  observed  the  flow  at  this  drop  when  the  sewer  was 
carrying  only  10  second-feet,  or  less  than  one-third  its  full  capacity, 
and  that  the  overfall  strikes  the  toe  of  the  opposite  wall  even  with 
a  vertical  drop  of  10.61  feet  (not  including  the  water  cushion),  he 
is  confirmed  in  his  statement  and  thinks  the  mathematicians 
should  revise  their  figures. 

The  necessity  for  blow-offs  in  the  line  of  the  first  siphon  is 
called  in  question  by  several  engineers,  and  their  practical  utility 
remains  to  be  demonstrated.  The  form  of  hydrant,  shown  in 
Fig.  2,  would  indeed  be  a  pronounced  success  if  one  wished  to 
take  a  sewage  bath.  Not  being  in  demand  for  this  purpose,  they 
have  all  been  incased  in  a  wooden  box,  with  an  outlet  on  one  side 
leading  to  the  irrigating  ditch. 

Figs.  7  and  8  show  a  break  in  Lateral  No.  i,  which  was 
built  by  private  parties,  and  which  is  used  to  convey  sewage  to  the 
lands  of  Messrs.  Howard  and  Bixby.  No  comment  is  necessary 
upon  the  failure  of  the  structure,  the  photographs  clearly  showing 
faulty  design  and  workmanship.  The  bottom,  sides  and  top  were 
never  properly  united.  It  has  been  repaired  by  bolting  together 
the  ends  of  light  iron  rails,  bent  to  the  form  of  the  conduit,  and 
spacing  them  about  four  feet  apart  to  hold  the  concrete  together. 

In  order  to  permit  the  use  of  sewage  from  the  upper  portion 
of  the  siphon  sections,  and  to  avoid  subjecting  them  to  the  pres- 
sure resulting  from  closing  the  valves  at  their  extreme  lower  ends, 
two  straightway  valves,  of  the  Ludlow  pattern,  were  placed  imme- 
diately below  structures  Nos.  19^  and  44 A.  A  further  reason  for 
these  gates  was  found  in  the  excessive  leakage  of  the  butterfly 
valves,  it  being  impossible  to  shut  off  all  the  flow  in  this  way.  The 
first  butterfly  valve  has  been  entirely  removed,  owing  to  the  acci- 
dental twisting  off  of  the  valve-stem. 

No  sewage  has  ever  been  used  for  irrigation  from  the  lower 
portion  of  either  siphon.  Probably  the  most  important  question 
of  constructive  detail  relates  to  the  proper  form  of  gates  for  an 
outfall  sewer  similar  to  the  one  we  have  under  consideration. 
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Some  engineers  will  doubtless  claim  that  the  butterfly  valves 
were  faulty  in  design,  others  that  the  principle  of  the  butterfly 
valve  is  faulty.  Those  who  defend  the  butterfly  construction 
maintain  that  the  sewer  should  never  be  permitted  to  become  dry, 
because  of  accumulations  that  adhere  to  the  invert. 

The  straightway  valves  were  put  in  place  about  April  or  May, 
1895,  ^"d  they  have  given  entire  satisfaction  through  two  seasons. 
Mr.  H.  P.  Vincent,  superintendent  of  construction  of  the  Outfall, 
claims  that  he  only  followed  instructions  in  designing  such  gates 
as  were  called  for  by  the  plans  approved  by  the  consulting 
engineer,  the  late  Mr.  P.  J.  Flynn.  Mr.  Vincent  has  always  had 
grave  doubts,  however,  as  to  the  successful  working  of  straight- 
way valves  in  a  sewer.  These  valves  are  massive  and  heavy,  pro- 
vided with  slow-motion  gear,  requiring  about  twenty  minutes  to 
open  or  close.  They  have  been  placed  in  brick  substructures  with 
a  wooden  superstructure.  In  connection  with  each  valve  an  air 
vent  or  iron  stand-pipe,  six  inches  in  diameter  and  forty-two  feet 
in  height,  has  been  placed  a  few  feet  below  the  valve. 

The  necessity  for  these  vents  has  been  called  in  question  by  at 
least  one  wxll-known  engineer,  who  claims  that  the  only  pressure 
to  which  the  lower  portion  of  the  siphons  would  be  subjected, 
upon  closing  the  gates,  is  measured  by  the  difference  in  elevation 
between  the  lower  ends  of  the  siphons  and  the  gates.  This  dif- 
ference in  elevation  does  not  exceed  five  to  seven  feet.  The  writer 
must  confess  that  he  failed  to  comprehend  the  argument.  It  was 
even  denied  that  a  partial  vacuum  was  formed  below  the  valves,  or 
that  there  would  be  any  tendency  in  the  pipes  to  collapse.  Surely 
these  are  elementary  principles  of  physics  and  hydraulics,  but  since 
they  have  been  called  in  question  by  those  entrusted  with  im- 
portant hydraulic  work,  no  excuse  need  be  made  for  bringing  them 
forward  for  discussion. 

Upon  witnessing  their  action,  it  seemed  that  some  provision 
for  an  air  vent  was  necessary.  After  the  gates  are  three-quarters 
closed  the  air  rushes  into  the  siphon  with  great  velocity,  to  fill  the 
partial  vacuum  made  by  the  outgoing  sewage,  causing  the  stand- 
pipes  to  vibrate  to  some  extent  and  to  sing  like  an  Eolian  harp. 
When  the  gates  are  finally  closed,  and  for  a  short  time  before  and 
after,  the  reaction  within  the  pipes  is  so  great  that  sewage  is 
thrown  out  of  the  top  of  the  stand-pipe  for  a  distance  of  ten  feet, 
or  more  than  fifty  feet  above  the  sewer.  The  writer,  on  one  occa- 
sion, saw  a  large  ink  bottle  and  other  foreign  matter  thrown  out 
in  this  manner. 

A  description  of  sewage  irrigation  along  the  line  of  the  Out- 
fall Sewer,  and  as  conducted  by  the  South  Side  Irrigation  Com- 
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Fig.   I. 
Wood-stave  Pipe  Construction  on  Section  3. 
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Fig.  3. 
Irrigating  Hydrant. 
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Figs.  4,  5  and  6. 
Launching  Cast-iron  Pipe. 
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pany  and  at  the  sewer  farm  of  tlie  city  of  Pasadena,  will  probably 
be  of  interest  to  irrigators  and  to  those  directly  entrusted  with 
sewage  disposal. 

The  following  acreage  was  irrigated  along  the  line  of  the  Out- 
fall Sewer  during  the  past  two  seasons: 

In  the  district  west  of  the  settling-chamber,  about  four  hun- 
dred acres.  In  the  vicinity  of  structure  19^,  four  hundred  acres. 
Lands  reached  by  Lateral  Xo.  i,  three  hundred  and  fifty  acres. 
In  the  vicinity  of  structure  44A,  four  hundred  acres.  Total,  fifteen 
hundred  and  fifty  acres. 

The  total  amount  of  sewage,  used  upon  the  above  acreage,, 
varies  from  eight  to  ten  second-feet,  or  four  hundred  to  five  hun- 
dred miners'  inches. 

The  first  eight  hundred  acres  irrigated  from  the  sewer,  being 
near  the  city,  is  devoted  mainly  to  the  raising  of  vegetables. 

The  land  reached  by  Lateral  No.  i  is  planted  in  corn  and  other 
field  crops.  Of  the  remaining  acreage  in  the  vicinity  of  structure 
44A,  about  one  hundred  acres  is  planted  in  potatoes  and  cabbage 
and  three  hundred  acres  in  corn. 

The  City  Engineer's  reports  for  the  years  1895-96  show  that 
the  sewer  had  yielded  a  small  revenue,  and  it  is  reasonable  to  pre- 
dict that  this  income  will  increase  from  year  to  year. 

The  receipts  from  the  sale  of  sewage  for  1895  amounted  to  $3278.00 

Cost  of  rnaintenance: 

Salary  of   Superintendent $1000.00 

Assistants  and  labor 625.47 

Cleaning  settling  chamber,  repairs,  etc 512.50 

2137.97 

Net   revenue $1 140.03 

Receipts  for  the  year  1896 4009.50 

Cost  of  maintenance: 

Salary  of  Superintendent.  ._ $1200.00 

Assistants  and  labor 1675.40 

Repairs,   etc 184.80 

3060.20 

Net  revenue   $949.30 

In  1883  the  city  of  Los  Angeles  boasted  a  population  of  about 
twenty  thousand,  and  was  at  a  loss  to  know  what  to  do  with  its 
sewage.  In  a  fit  of  desperation  it  entered  into  a  contract  with  the 
South  Side  Irrigation  Company,  above  named,  and  obligated  itself 
to  gh'e  aivay  to  said  company  "all  the  sewage  matter  of  every  kind 
flowing  through  the  San  Pedro  Street  Sew^er,"  amounting  to  3.585. 
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second-feet,  or  i8o  miners'  inches,  and  the  right  to  use  the  same 
for  a  period  of  eighteen  years. 

In  October,  1895,  a  second  contract  was  made  with  the  same 
company,  whereby  the  city  agrees  to  deliver  120  inches  more  for  a 
period  of  six  and  one-half  years,  or  until  the  expiration  of  the 
former  contract.  For  and  in  consideration  of  this  last  amount, 
the  said  company  has  laid  a  cement  pipe,  24  inches  in  diameter, 
6000  feet  of  which  lies  within  the  city  limits,  and  becomes  the 
property  of  the  city  at  the  expiration  of  the  lease. 

In  addition  to  the  three  hundred  inches  above  mentioned, 
said  company  has  the  first  right  to  use  an  additional  one  hundred 
inches,  paying  the  prevailing  price  for  it.  During  the  irrigating 
season,  which  begins  about  the  first  of  April  or  May,  the  city 
charges  $8.00  per  day  of  twenty-four  hours  for  an  irrigating  head 
of  100  miners'  inches.  This  rate  is  changed  to  $5.00  for  a  day  run 
of  twelve  hours,  and  $3.00  for  a  night  run,  to  suit  the  convenience 
of  irrigators. 

The  four  hundred  inches  now  flowing  through  the  company's 
pipe  line  is  used  upon  about  twenty-two  hundred  acres  of  land, 
devoted  mainly  to  vegetable  gardening.  After  reaching  the  land 
to  be  irrigated,  the  sewage  is  conducted  from  place  to  place  by 
means  of  ordinary  open  earth  ditches.  This  land  now  pays  an 
annual  rental  of  $12.00  per  acre  for  river  water  irrigation,  under 
the  zanja  system,  and  $18.00  per  acre  for  sewage  irrigation.  Here 
is  $6.00  per  annum  in  favor  of  the  latter.  Further  convincing 
proof  of  the  superior  value  of  sewage  for  irrigation  is  furnished  by 
mere  inspection  of  the  orchards  under  the  two  systems. 

This  company  has  found,  by  experience,  that  on  sandy  soil, 
where  the  subdrainage  is  fairly  good,  it  pays  to  use  the  sewage 
during  the  whole  year.  When  not  actually  needing  the  sewage 
for  irrigation,  they  find  it  better  to  flood  the  land  than  to  permit 
the  sewage  to  waste.  The  sandy  soil  acts  on  the  principle  of  a 
strainer,  retaining  on  its  surface  the  coarser  fertilizing  matter, 
w^iile  the  watery  fluid  portion  passes  away. 

The  writer  recently  visited  the  sewage  farm  of  Pasadena, 
which  is  situated  about  six  miles  from  the  city  in  a  southeasterly 
direction.  This  farm  has  an  area  of  three  hundred  acres,  is  of  a 
light,  sandy  loam  soil,  and  has  good  natural  drainage.  An  outfall 
sewer  of  vitrified  clay  pipe,  14  to  28  inches  in  diameter,  carries  the 
sewage  to  the  farm,  passing  through  the  town  of  xA.lhambra. 

Pasadena  claims  a  population  of  about  ten  thousand,  and 
there  are  possibly  twenty-five  hundred  sewer  connections. 

There  being  no  reliable  information  regarding  the  amount 
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of  sewage  flowing  to  the  farm,  the  writer  estimated  it  to  be  about 
three  second-feet,  or  150  inches. 

Of  the  three  hundred  acres,  one  hundred  and  forty  are  in 
grain  and  have  never  been  irrigated.  Sewage  has  been  used  upon 
the  remaining  portion,  cuhivated  as  follows:  Walnut  orchard 
(four  years  old),  sixty  acres;  alfalfa,  twenty-five  acres;  corn, 
twenty-five  acres;  vegetables,  potatoes,  pumpkins,  etc.,  fifty  acres. 

This  farm  has  been  self-sustaining,  the  cost  of  maintenance 
and  revenue  being  each  about  $2500  per  annum. 

The  public  mind  is  greatly  prejudiced  against  sew^age  irriga- 
tion, and  that  this  prejudice  is  due  to  ignorance  rather  than  to  any 
harmful  effects  of  the  process,  cannot  be  successfully  denied.  The 
objections  made  are  always  fanciful  rather  than  real. 

With  a  very  few  exceptions,  there  seems  to  be  no  valid  objec- 
tion to  the  use  of  sewage  for  the  irrigation  and  growth  of  all  kinds 
of  agricultural  products. 

A  great  deal  of  "learned  nonsense"  has  been  written  by 
theoretical  engineers  on  the  subjects  of  purification  of  sewage  and 
sewage  disposal.  The  writer  believes  the  experience,  here  re- 
corded, of  successful  and  profitable  sewage  irrigation  to  be  a  con- 
vincing demonstration  that  the  true  solution  of  the  problem  of 
sewage  disposal  for  inland  towns  lies  in  the  application  of  sewage 
to  irrigation. 

In  closing,  the  writer  wishes  to  acknowledge  his  indebtedness 
to  Mr.  C.  F.  Derby,  superintendent  of  the  Outfall  Sewer,  and  to 
Mr,  Henry  Martz,  president  of  the  South  Side  Irrigation  Com- 
pany, for  courtesies  extended. 

DISCUSSION. 

Mr.  James  D.  Schuyler. — There  are  so  many  novel  and  in- 
teresting features  in  the  construction  of  the  Outfall  Sewer  here  de- 
scribed, that  the  paper  must  be  regarded  as  a  valuable  contribu- 
tion to  the  literatv:re  of  engineering  on  a  subject  of  general  interest 
to  the  profession. 

While  the  general  plan  and  details  of  the  sewer  are  subject  to 
criticism,  the  work  cannot  be  pronounced  a  failure  by  any  means, 
as  it  has  a  minimum  grade  of  6.6  feet  per  mile,  and  cannot  fail  to 
carry  the  sewage  delivered  to  it,  up  to  its  maximum  capacity, 
which  does  not  yet  seem  to  have  been  reached.  In  all  portions  of 
the  work  where  ordinary,  every-day  construction  details  were 
employed,  such  as  the  brick  conduit,  sewer  manholes,  brick  and 
concrete-lined  tunnels,  etc.,  the  workmanship  appears  to  be  fault- 
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less,  and  it  is  only  in  such  details  as  are  somewhat  out  of  the  ustial 
order  that  difficulties  were  encountered  pointing  to  partial  failure, 
as  indicated  in  the  paper,  viz:. in  the  sand-box  or  settling  chamber; 
the  so-called  irrigating  hydrant;  the  "blow-ofT"  (a  very  remarkable 
feature  to  introduce  in  any  sewer,  and  particularly  remarkable  as 
here  designed,  standing  high  above  the  surface  and  pointing  vip- 
ward  like  a  cannon  to  fire  at  the  moon);  the  butterfly  throttle 
valves,  which  appear  to  have  had  no  useful  purpose,  and  like  the 
other  novelties  have  been  abandoned;  and  the  terminal  outfall 
pipe.  As  described  in  the  paper,  the  latter,  a  cast-iron  pipe, 
originally  delivering  the  sewage  into  the  ocean  at  a  depth  of 
twenty  feet,  has  been  broken  and  partially  destroyed,  owing  to 
lack  of  proper  protection  from  ordinary  wave  action  and  ocean 
shore  currents.  It  is  difficult  to  conceive  how  this  pipe  could 
have  been  expected  to  take  care  of  itself,  laid  as  it  was  on  the  sur- 
face of  the  sloping  beach,  on  unstable  sands,  without  any  sort  of 
anchorage  to  hold  it  in  position.  A  few  iron  piles  on  each  side  of 
the  pipe,  sunk  to  safe  depths,  would  have  kept  it  in  line,  and,  while 
the  littoral  currents  might  have  undermined  the  pipe  by  washing 
the  sand  from  under  it,  there  would  have  been  a  somewhat  greater 
probability  of  security  had  such  piles  been  driven.  The  very 
slight  flexibility  given  to  the  pipe  by  the  rubber  gaskets  in  the 
flanged  joints  would  perhaps  have  been  insufficient  to  have  kept 
the  pipe  from  breaking  by  local  undermining,  even  had  it  been 
kept  in  line  in  the  manner  described,  and  some  of  the  standard 
forms  of  ball  and  socket  joint  would  appear  to  have  been  prefer- 
able for  this  service. 

In  view  of  the  conspicuous  success  that  has  been  achieved  in. 
the  disposal  of  sewage  by  irrigation  in  the  European  cities,  as  well 
as  nearer  home,  the  policy  of  constructing  an  outfall  sewer  to  the 
ocean  must  be  regarded  as  a  questionable  one,  particularly  in  a 
country  where  the  soils  and  the  climatic  conditions  are  all  so  ex- 
tremely favorable  for  successful  sewage  disposal.  Within  five 
miles  of  the  city  limits  a  sewage  farm  could  have  been  secured  on 
land  otherwise  valueless,  because  of  the  ver}-  conditions  which 
would  render  it  specially  desirable  for  sewage  disposal,  viz:  a  dry, 
light,  porous,  top  soil,  and  open,  gravelly  subsoil  affording  ready 
drainage  for  the  effluent.  The  cost  of  such  a  disposal  of  the  city 
sewage  would  doubtless  have  been  considerably  less  than  by  the 
present  method,  and  it  is  to  be  hoped  that  in  the  future  growth  of 
the  city,  when  the  capacity  of  the  present  conduit  has  been  reached, 
extensions  of  the  system  may  be  made  in  the  line  of  utilization  by 
irrigation,   and   the   establishment  of  a   sewage   farm   under   city 
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control,  rather  than  in  the  duplication  of  the  present  sewer  to  the 
ocean. 

The  data  given  in  the  paper  as  to  the  irrigation  from  the  sewer 
are  of  special  interest.  The  total  revenue  from  sewage  water  sold 
in  1896  was  $4009.50.  or  $2.59  per  acre  irrigated,  the  price  at  which 
the  water  was  sold  being  $8.00  per  twenty-four  hours'  run  of  100 
miners'  inches  (2  second-feet).  From  these  data  it  would  appear 
that  the  average  depth  of  application  must  have  been  about  1.3 
feet  during  the  irrigation  season.  The  irrigation  rate  given  by 
the  city  to  its  consumers  directly  supplied  from  the  sewer,  appears 
to  be  but  44  per  cent,  of  the  rate  paid  by  the  farmers  to  the  South 
Side  Irrigation  Company,  who  deal  in  the  article  as  a  business  and 
make  it  profitable,  and  one  cannot  but  wonder  why  the  induce- 
ment offered  by  the  low  rates  should  not  be  sulificient  to  make  an 
active  demand  for  all  the  sewage  flowing,  instead  of  permitting  a 
part  of  it — about  300  miners'  inches  at  this  writing,  May  ist — to 
flow-  to  waste  to  the  ocean.  The  reason  is  perhaps  to  be  found  in 
the  fact  that  the  land  passed  over  by  the  Outfall  Sewer  is,  to  a 
considerable  extent,  held  in  large  tracts,  and  never  having  had 
the  advantage  of  a  water  supply  heretofore,  has  not  the  population 
or  the  degree  of  development  to  be  found  in  the  district  supplied  by 
the  South  Side  Irrigation  Company,  which  is  nearer  the  city  limits, 
and  which  has  been,  in  part  at  least,  accustomed  to  a  periodicil 
supply  of  clean  river  water  from  the  regular  irrigation  svstem  of 
the  city,  and  is  a  district  of  small  farms. 

It  is  interesting  to  compare  these  rates  for  irrigation  water 
with  those  prevailing  in  other  localities.  For  example,  the  rates 
under  the  Bear  Valley  Irrigation  Company's  system  last  year  were 
$35  per  loo-inch  twenty-four  hours'  flow;  in  Covina  last  year,  dur- 
ing an  unusual  scarcity  of  supply,  as  high  as  $65  was  paid- for  the 
same  volume.  At  $8.00  per  100  inches  the  cost  is  equivalent  to 
about  $2.00  per  acre-foot.  Under  the  Sweetwater  system  the 
present  rates  are  equivalent  to  about  $2.20  per  acre-foot,  but 
the  company  is  endeavoring  to  raise  them  to  double  this  amount. 
Under  the  system  of  the  San  Diego  Flume  Company,  the  present 
rates  of  $60  per  miners'  inch  per  annum  are  equivalent  to  $4.15 
per  acre-foot. 

The  high  value  ascribed  to  sewage  for  irrigation  in  the  dis- 
trict supplied  by  the  South  Side  Irrigation  Company,  as  described 
in  the  paper,  as  compared  with  ordinary  river  water  less  heavily 
charged  with  the  elements  of  plant  growth,  and  the  low  price  .^t 
which  the  city  sells  the  sewage,  lead  to  the  expectation  that  the 
section  of  the  country  favored  with  so  cheap  and  so  valuable  a 
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water  supply  will  not  long  permit  any  of  it  to  flow^  unused  to  the 
ocean,  and  that  the  demand  will,  withm  a  short  time,  keep  pace 
with  the  supply. 

The  thanks  of  the  society  arc  due  to  the  author  for  this  enter- 
taining- paper,  and  engineers  generally  will  recognize  the  fact  that 
a  lesson  of  "how  not  to  do  it"  is  quite  as  acceptable  and  instructive 
as  one  teaching  the  reverse. 

Mr.  H.  Hawgood. — The  work  of  which  Mr.  Bassell's  paper 
treats  is  one  of  more  than  ordinary  engineering  interest,  the  use  of 
inverted  siphons  of  over  three  miles  in  length  being  a  marked  de- 
parture from  usual  sewer  construction,  and  the  same  may  be  said 
of  the  wooden  stave  pipe  used  in  this  manner.  Mr.  Hy.  Dock- 
weiler  and  the  corps  of  engineers  who  so  ably  assisted  him  in  the 
design  and  construction  of  the  w'orks  are  to  be  congratulated  upon 
the  generally  satisfactory  result  of  their  labors. 

It  is  to  be  hoped  that  the  discussion  will  bring  out  more  de- 
tails as  to  the  experience  of  operating  these  long  inverted  siphons, 
particularly  as  regards  the  movement  through  them,  or  lodgment, 
of  sand,  stones  and  other  substances. 

The  stripping  of  the  f-inch  nuts,  mentioned  by  Mr.  Bassell, 
is  in  keeping  with  the  general  experience  of  iron-workers;  that  an 
ordinary  laborer,  with  an  ordinary  wrench,  can,  and  usually  does, 
strip  or  twist  off  any  bolt  less  than  f-inch  diameter.  For  this  rea- 
son it  is  good  practice  to  use  nothing  less  than  f-inch  diameter 
wherever  bolts  are  to  be  tightened  by  other  than  skilled  mechanics. 

In  the  matter  of  vents  below  the  straightway  valves,  there 
can  be  no  question  as  to  the  utility  of  the  one  introduced  below 
structure  No.  44A,  the  outlet  of  the  inverted  siphon  being  five  or 
six  feet  beloiv  the  gate;  but,  at  structure  No.  19^,  where  the  con- 
ditions are  reversed  and  where  the  outlet  is  some  five  or  six  feet 
above  the  gate,  the  use  of  a  free  vent  is  questionable,  and  it  would 
be  of  interest  to  hear  the  reasons  that  governed  its  adoption.  The 
paper  does  not  furnish  data  for  anything  more  than  approximate 
calculations,  but  it  would  appear  that,  with  a  full  sewer  and  with 
the  gate  closed  instantaneously,  the  stored-up  energy  of  the  mov- 
ing body  below  the  gate  (in  the  inverted  siphon)  would  be  about 
1,880,000  foot-pounds  and,  before  the  mass  had  been  brought  to 
rest  by  the  opposing  head  and  friction,  some  three  to  four  hundred 
feet  of  sewer  immediately  below  the  gate  would  have  been  emptied. 
This  distance  will,  of  course,  be  reduced  by  decrease  in  quantity  of 
flow  through  the  sewer  and  by  slow  closing  of  the  gate.  After  a 
momentary  pause,  the  water  will  fall  back  into  this  empty  space, 
and,  meeting  with  sudden  stoppage  at  the  gate,  will  cause  a  severe 
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"hammer-blow"  and  great  strain  on  the  sewer,  as  evidenced  by 
the  articles  mentioned  by  Mr.  Bassell  as  being  ejected  from  the 
vent  pipe.  Undoubtedly,  a  formidable  quantity  of  accumulated 
work  is  suddenly  and  violently  dissipated,  to  the  danger  of  the 
sewer.  If  a  vent  is  used,  it  certainly  should  be  furnished  with  a 
valve,  which,  while  giving  free  ingress  to  the  air,  would  check  its 
egress  sufficiently  to  form  an  efficient  air  cushion  and  bring  the 
returning  water  gently  to  rest. 

In  place  of  a  valve,  with  the  resulting  complication,  it  would 
probably  be  better  to  provide  no  vent,  and  to  arrange  for  a  posi- 
tively slow  closing  valve.  Any  tendency  to  the  formation  of  a 
partial  vacuum  below  the  gate  tends  to  increase  the  effective  head 
opposing  the  movement  of  the  water  column,  and  at  the  same 
time  increases  the  discharge  through  the  gate  opening  to  destroy 
the  vacuum.  Properly  carried  out,  it  would  subject  the  sewer  to 
no  greater  strains  than  a  controlled  vent,  and  certainly  less  than 
the  present  free  vent.  Parallel  cases  are  to  be  found  on  almost 
every  large  water  main. 

In  regard  to  the  breaking  of  Lateral  No.  i,  I  can  speak 
advisedly  as  to  the  causes  of  failure,  having  been  called  in  to  advise 
as  to  repairs.  The  primary  cause  of  failure  was  weak  design. 
The  sides  of  the  aqueduct  were  of  insufficient  strength  to  resist 
bursting  with  a  full  conduit,  even  with  a  perfect  bond  between  the 
sides  and  floor,  and  in  many  places  this  bond  was  imperfect,  for 
the  arch  ribs  of  the  structure  formed  a  channel  under  the  floor. 
The  form  which  filled  this  channel,  and  which  formed  part  of  the 
mold  for  forming  the  concrete  was  of  wood.  The  wet  concrete 
swelled  the  wood,  and  that,  in  its  turn,  thrust  upon  the  sides  and 
prevented  any  bond  between  sides  and  floor.  In  the  rebuilt  struc- 
ture this  danger  was  avoided.  The  hooping  of  the  structure  with 
rails  was  to  strengthen  work  built  under  the  original  design,  that 
had  not  actually  failed,  but  was  dangerous  under  a  full  head.  The 
concrete  specified  as  7  to  i  was  good,  for  that  mixture ;  showing  a 
crushing  strength  of  over  nine  hundred  pounds  per  square  inch. 

Mr.  D.  C.  Henny. — The  design  of  the  details  of  the  wooden 
pipe  siphons  deviated  from  ordinary  wooden  pipe  practice.  First, 
in  the  use  of  wooden  instead  of  metal  tongues  for  connecting  the 
butt-ends  of  the  staves;  second,  in  the  form  of  the  shoes  uniting  the 
ends  of  the  steel  bands;  and,  third,  in  the  absence  of  an  upset  and 
in  the  fine  thread  on  the  bands. 

The  first  deviation  seems  objectionable,  because  the  compara- 
tively great  thickness  of  the  wooden  tongue  precludes  the  possi- 
bility of  indentation  at  the  bottom  of  the  groove.     The  depth  of 


6o  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

the  groove  must  therefore  be  exactly  one-half  the  width  of  the 
tongue,  in  order  that  the  staves  may  butt  up  tight  and  at  the  same 
time  the  groove  be  completely  filled  by  the  tongue.  Such  exact 
iit  is  not  uniformly  possible  with  ordinary  wood-working 
machinery,  and  the  tendency  is  to  have  the  slot  too  deep,  in  order 
to  insure  the  solid  butting  up  of  the  staves.  Thus  the  hard  con- 
tact at  the  bottom  of  tlie  groove,  caused  by  positive  indentation  of 
a  metal  tongue,  is  not  attained;  and,  moreover,  vacant  spaces  may 
be  left,  back  of  the  tongue,  which  in  themselves  are  objectionable, 
as  they  may  cause  leakage  by  being  filled  from  the  inside  at  one 
point  of  accidental  defect,  and  may  connect  with  the  outside  at 
another  such  point.  The  thick  projections  of  the  tongues  beyond 
the  edges  of  the  staves  may  also  prevent  the  adjoining  staves  from 
coming  to  as  perfect  a  bearing  as  is  desirable,  at  least  where  the 
spacing  of  the  bands  is  wide.  It  appears,  however,  that  no  trouble 
has  resulted  from  this  cause. 

As  regards  the  second  deviation,  the  objectionable  features  of 
the  form  of  the  shoes  have  been  pointed  out  by  the  author.  By 
adding  length  and  thickness,  this  form  of  shoe  can  undoubtedly  be 
made  strong  enough  to  resist  the  torsional  strain  to  which  it  is 
subjected,  but  the  writer  has  never  seen  any  shoe  of  this  type  where 
this  had  been  done  to  a  sufificient  extent.  In  the  case  under  con- 
sideration, this  weak  point  became  more  apparent,  as  the  material 
used  was  common  cast  iron.  Malleable  iron  or  steel  is  prefer- 
able, for  no  shoe  can  be  designed  in  which  a  portion  of  the  metal 
is  not  in  tension. 

Respecting  the  third  point,  the  writer  holds  that  great  waste 
results  from  cutting  the  threads  on  pipe  bands,  instead  of  rolling 
them  on,  or  instead  of  previously  upsetting  the  ends.  It  was 
probably  with  a  view  to  reducing  this  waste  that  a  much  finer 
thread  than  the  standard  w^as  used.  Experience  has  evolved  cer- 
tain proportions  of  threads,  in  harmony  with  average  accuracy  of 
shopwork,  and  merely  theoretical  reasons  hardly  justify  one  in 
departing  from  these  proportions.  That  frequent  stripping  of 
threads  occurred  in  cincliing,  as  stated  by  the  author,  was  not  sur- 
prising. With  good  work  in  rolling  or  cutting  threads  and  tap- 
ping nuts  to  standard  proportions,  continued  turning  of  the  nut 
will,  in  the  large  majority  of  cases,  result  in  rupture  of  the  bolt  by 
the  combined  efTect  of  pull  and  torsion,  and  not  in  stripping  of  the 
thread. 

Considering  that  the  points  of  greatest  depression  in  the  two 
inverted  siphons  are  but  twenty-seven  and  twenty-five  feet  respec- 
tivelv  below  the  hvdraulic  erade  line,  and  that  the  Huid  carried  was 
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sewage  and  not  clear  water,  the  leakage  that  was  first  experienced 
after  filling,  and  which  necessitated  the  subsequent  digging  up  of 
most  of  the  entire  pipe  line,  was  a  surprise  to  the  writer.  It  is 
true  that  both  the  contractors  and  their  men  lacked  all  experience 
in  wooden  pipe  construction,  but  there  was  honest  and  rigid  in- 
spection on  the  part  of  the  city.  Whether  poor  workmanship  was 
alone  responsible  for  the  result  may  be  doubted.  The  author  has 
described  the  butterfly  valves  which  were  placed  at  the  lower  ends 
of  the  siphons  to  maintain  the  upper  ends  full.  Although  they  are 
stated  to  have  leaked  badly  when  closed,  they  must  at  such  times 
have  come  near  converting  the  hydraulic  head  on  the  siphons  to 
a  hydrostatic  head,  thereby  increasing  the  head  on  the  lower  ends 
of  the  siphons  about  twenty-five  feet.  The  bands  on  the  pipe  were 
not  spaced  sufihciently  close  for  this  additional  head,  even  neglect- 
ing the  serious  water  hammer  which  might  be  looked  for  from  the 
operation  of  these  gates. 

The  use  of  butterfly  valves  on  long  pipe  lines  with  high 
velocities  is,  in  the  writer's  opinion,  radically  wrong,  as  it  usually 
permits  too  rapid  operation  and  the  valves  cannot  be  made  tight. 
Possibly  the  author  can  give  some  information  on  the  occurrence 
of  water  hammer  at  the  time  these  gates  were  in  use.  The. slide 
valve,  besides  being  tight,  has  the  advantage  of  being  more  readily 
adapted  to  extremely  slow  motion.  The  quick  closing  of  gates 
should  be  a  physical  impossibility  on  long  pipe  lines  with  high 
velocities  of  flow,  for  it  is  far  better  to  prevent  serious  water  ham- 
mer than  to  attempt  to  neutralize  its  evil  effects  by  automatic  de- 
vices. An  open  air  vent,  back  of  a  main  gate,  is  very  desirable, 
but  it  should  not  be  depended  upon  to  render  too  rapid  obstruction 
of  flow  harmless  beyond  preventing  collapse. 

The  location  of  the  new  slide  valve  gates  on  the  upper 
stretches  of  the  siphons  approximately  on  a  level  with  the  outlets, 
is  preferable  to  that  of  the  old  butterfly  valves  at  the  outlets  them- 
selves, as  they  attain  the  same  object  with  a  minimum  increase  of 
pressure  on  the  pipe  when  closed. 

Before  the  system  was  put  in  operation  "Some  fear  was  enter- 
tained lest  the  sediment  formed  in  the  pipe  at  times  of  small  dis- 
charge would  not  be  flushed  out  at  times  of  maximum  discharge. 
The  writer  understands  that  there  has  been  no  trouble  in  keeping 
the  pipe  clean,  but,  in  view  of  the  author's  statement  that  the  set- 
tling basin  at  the  upper  end  permits  the  bulk  of  the  suspended  mat- 
ter to  pass  on,  some  definite  information  on  this  point  and  on  the 
maximum  velocity  of  flow,  at  present  available  for  flushing,  would 
undoubtedly  prove  of  interest. 
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Mr.  Gervaise  Purcell. — Being  unfamiliar  with  the  details 
of  the  Outfall  Sewer,  I  am  unable  to  give  an  opinion  as  to  the 
justness  or  unjustness  of  the  criticisms,  as  local  circumstances  have 
to  be  taken  into  account. 

On  the  use  of  sewage  for  farm  purposes,  where  the  land  is 
suitable  or  has  been  suitably  prepared,  I  have  always  been  a  strong 
advocate  of  broad  irrigation,  feeling  that  the  experiences  of  the 
sew^age  farms  of  Berlin  and  other  cities  of  Europe,  place  it  beyond 
the  pale  of  experiment. 

In  November  of  1894,  I  was  consulted  by  the  city  of  Pasadena 
as  to  the  best  way  to  remodel  its  sewage  farm  so  as  to  abate  the 
nuisances  into  which  it  had  drifted,  and  to  make  it  self-sustaining 
if  possible.  Hence  I  am  able  to  verify  the  author's  statement  as  to 
its  present  condition,  only  correcting"  him  so  far  as  to  say  that  last 
year  it  showed  a  balance  in  its  favor  of  $600;  and,  as  the  walnuts 
come  into  bearing,  this  balance  will  increase  from  year  to  year.  I 
found  that,  to  make  the  sewage  flow  freely,  so  as  to  be  kept  in 
sufficient  motion  to  prevent  stagnation,  which  might  create  a 
nuisance,  it  is  necessary,  in  this  climate,  to  dilute  the  sewage  with 
an  equal  amount  of  water,  and  that  this  is  best  accomplished  in  the 
main  conduit  as  it  flows  to  the  farm.  The  author  is  in  error  as  lo 
the  amount  of  sewage,  it  being  only  half  a  cubic  foot  per  second 
for  the  three  thousand  connections  reported.  This,  with  as  much 
water  added,  gives  a  constant  summer  flow  of  one  cubic  foot  per 
second.  It  was  liberally  prophesied  that  the  product  of  the  farm 
would  never  find  a  market,  but,  as  a  fact,  from  the  first  the  demand 
has  exceeded  the  supply. 

Mr.  Grunsky  (Temporary  Chairman). — The  use  of  an  in- 
verted siphon  on  a  large  scale,  in  connection  with  a  sew^erage  sys- 
tem, has  been  brought  out  very  nicely  and  clearly  in  this  paper. 
Xotwitlistanding  that  mistakes  were  made  in  some  of  the  details, 
the  entire  system  seems  to  be  operating  fairly  well. 

The  paper  itself  and  the  written  discussions  that  have  been 
read  cover  the  points  (juite  completely.  There  is,  however,  one 
thing  in  connection  with  this  sewer  that  is  not  mentioned  in  the 
paper  nor  in  the  discussions.  The  original  question  presented  by 
the  city  of  Los  Angeles  to  the  engineers  was  as  to  the  best  methoil 
of  disposing  of  the  sewage,  whether  to  carry  it  out  into  the  ocean, 
or  whether  to  use  it  for  sewage  irrigation.  The  result  was  that  a 
line  was  so  constructed  that  the  sewage  can  be  used  for  irrigation, 
or  it  can  be  emptied  into  the  ocean.     Either  method  can  be  used. 

Mr.  Allardt. — Why  was  not  a  wooden  pipe  used  all  the 
way?  It  would  be  cheaper  than  anything  else,  and  it  is  strong 
and  admits  of  a  very  rapid  current. 
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Mr.  Henny. — There  were  places  that  required  a  stronger 
material  than  wood,  and  in  such  places  they  used  other  material. 

Mr,  Allardt. — Could  not  the  grade  line  be  made  in  such  a 
manner  that  the  pipe  would  be  full  all  the  time? 

Mr.  Henny. — Probably  the  depression  was  such  that  the  use 
of  a  siphon  could  not  be  avoided. 

Question. — Is  the  velocity  given,  or  the  grade? 

Mr.  Grunsky. — It  is  stated  in  the  paper  in  a  general  way. 
Of  course,  the  discharge  of  the  sewer  is  variable,  as  a  large  amount 
of  sewage  is  sometimes  used  for  irrigation. 

Mr.  Henny. — I  think  the  system  has  been  laid  out  for  a  much 
larger  flow  than  there  is  at  present. 

Mr.  Wagoner. — Has  there  been  any  trouble  with  leakage  in 
the  wooden  pipe  portion  of  the  sewer? 

Mr.  Henny. — There  was  some  leakage,  which  seemed  to  be 
all  along  in  the  seam  joints;  possibly  more  where  the  butt  joins 
than  elsewhere.  The  general  cause  of  leakage  was  in  not  cinching 
the  hoops  sufficiently  tight.  The  castings  would  break,  and  there 
was  stripping  of  threads  when  the  hoops  were  cinched  tightly,  and 
this  extra  expense  the  contractors  did  not  like  to  bear,  not  seeing 
the  actual  necessity  of  it. 

Mr.  d'ERLACH. — You  stated,  I  believe,  that  the  hoops  were 
some  distance  apart? 

Mr.  Henny. — I  think  about  twelve  inches — possibly  ten 
inches. 

Mr.  Allardt. — Would  not  the  acids  in  the  sewer  hasten  the 
rusting  of  the  iron  hoops  if  it  percolated  through  the  wood?  It 
is  more  corrosive  than  pure  water. 

Mr.  Henny. — Of  course,  the  wood  will  act  to  a  certain  extent 
as  a  filter.  The  percolation  through  the  wood  would  be  very  small. 
As  to  the  condition  of  the  sewage  after  it  had  filtered  through  an 
inch  and  a  half  of  wood,  I  am  not  prepared  to  say. 

Mr.  Allardt. — The  corrosive  action  would  be  a  great  deal 
more  than  if  it  were  pure  water. 

Mr.  Henny. — There  would  be  more  acid  in  it. 

Mr.  Storey. — Was  this  sewer  constructed  on  the  idea  that 
it  was  an  improvement  on  the  general  plan  pursued  in  other  sys- 
tems? 

Mr.  Henny. — Yes;  but  I  would  not  be  understood  as  say- 
ing that  it  would  not  have  worked  properly  under  other  systems. 

Mr.  Storey. — I  do  not  see  why  it  should  work  any  better 
than  other  methods. 
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CONDUITS  AND   CABLES. 


By  Alex.  Dow,  Member  Detroit  Engineering  Society. 


[Read  before  the  Society,  December  18,  1896.*] 

A  CONDUIT  may  be  defined  as  a  passage  or  subway  for  con- 
taining electric  wires,  underground  cables,  or  the  like.  In  a 
more  limited  sense,  a  conduit  is  a  tube  or  channel  into  which 
such  conductors  may  be  placed  or  drawn,  but  which  is  not  itself 
accessible  for  inspection  or  repair  of  the  conductors,  as  distin- 
guished from  a  subway,  into  which  access  can  be  had  at  any 
portion  of  its  course. 

An  instance  of  a  conduit  in  the  narrower  sense  is  a  tube, 
having  manholes  at  different  points  along  its  length,  the  con- 
ductors being  pulled  into  the  tubes  by  ropes  passing  from  one 
manhole  to  the  other;  while  an  instance  of  a  subway  would  be  a 
tunnel  of  dimensions  to  admit  of  the  free  passage  of  men  and  of 
the  use  of  tools  for  any  of  the  common  operations  required  on 
the  conductors. 

The  former  construction  is  common  through  the  United 
States;  the  latter  is  exceptional,  the  only  city  where  any  sys- 
tematic subway  work  has  yet  been  completed  being  St.  Paul, 
Minn.,  where  local  conditions  make  a  timnel  construction  less 
expensive  than  a  conduit  of  any  but  the  smallest  capacity. 

The  history  of  conduits  begins  along  with  the  practical  use 
of  electric  telegraphs.  The  plans  of  Professor  Morse  included 
a  lead  pipe  conduit  into  which  an  insulated  wire  was  to  be  drawn, 

*Manuscript  received  September  3,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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and  this  construction  was  begun  cm  the  experimental  Washing- 
ton-Baltimore line,  but  failed  almost  at  once  through  mechan- 
ical defects.  Wires,  strung  on  posts,  were  substituted,  and  were 
used  without  protest  in  the  largest  American  cities,  as  well  as 
along  railroads  and  highways,  until  within  the  last  few  years. 
But  on  the  other  side  of  the  Atlantic  the  public  objection  to  the 
obstruction  and  disfigurement  of  the  streets  by  posts  and  wires 
was  strong  enough  to  force  a  different  solution  of  the  problem, 
and  the  opportune  discovery  of  the  qualities  of  gutta-percha  as 
an  insulator  for  electric  conductors  presented  the  means;  so  that 
the  first  city  telegraph  office  in  London  was  connected  to  the 
railroad  telegraph  wires  by  gutta-percha  insulated  wires  drawn 
into  iron  pipe,  a  combination  which  is  standard  for  telegraphic 
work  in  Great  Britain  till  to-day,  the  pipes  being  invariably  cast- 
iron  and  the  wire  being  sometimes,  for  mechanical  reasons,  in- 
sulated with  india-rubber  instead  of  gutta-percha. 

It  was  very  much  later  before  the  American  telegraph  com- 
panies were  obliged  to  place  any  of  their  wires  underground,  and 
the  experience  of  British  and  European  telegraph  departments 
was  then  available  to  guide  them.  Gutta-percha  insulated  wires 
w-ere  imported,  and  at  least  one  factory  for  the  making  of  such 
wires  was  established  here;  but  by  this  time  the  manufacture  of 
india-rubber  had  been  developed  to  such  an  extent  in  the  United 
States  that  cables  insulated  with  this  latter  material  could  be 
produced  cheaper  than  those  of  gutta-percha,  and  so  became 
standard,  as  far  as  anything  (with  one  notable  exception)  ever 
has  become  standard  in  American  cable  practice. 

The  introduction  of  electric  lighting,  twenty  years  ago, 
brought  with  it  a  new  set  of  conditions.  The  amount  of  power 
to  be  carried  by  an  electric  lighting  conductor  w'as  infinitely 
greater  than  that  on  any  telegraph  wire.  The  heating  effects  of 
large  currents,  which  were  entirely  unknown  in  telegraph  prac- 
tice, had  to  be  considered;  and  the  fact  that  electrical  supply  had 
to  be  furnished  to  a  large  proportion  of  the  buildings  in  a  city 
introduced  problems  as  to  connections  and  branches  which  were 
radically  different  from  anything  found  in  telegraphic  work.  It 
is  evident  that  a  system  of  telegraph  cables  to  connect  with  four 
or  five,  or  possibly  a  score  of  offices,  in  one  city  was  a  very 
different  thing  from  a  system  of  electric  lighting  cables  to  con- 
nect with  several  thousand  different  customers.  This  last  condi- 
tion was  at  first  much  the  most  difficult  to  meet,  because  neither 
the  stress  due  to  high  electric  potential  nor  the  heating  due  to 
large  currents  w^as,  in  the  earliest  electric  lighting,  much  beyond 
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the  limits  which  had  been  reached  in  telegrapliic  work;  indeed,  in 
England,  some  early  distributions  'of  electric  light  were  made  with 
entire  success  through  conductors  insulated  with  vulcanized 
india-rubber,  after  the  same  specification  as  conductors  for  tele- 
graph purposes.  In  these  instances  the  pressure  was  not  in 
excess  of  100  volts. 

The  development  of  cables  and  conduits  in  British  practice 
has  been  mainly  on  the  line  of  telegraphic  work,  and  even  in  this 
present  year  electric  lighting  plants  are  being  installed  in  Britain 
in  which  the  cast-iron  pipes  forming  the  conduits  have  been  fur- 
nished imder  specifications  identical  with  those  used  by  the  British 
Post  Office  for  pipes  for  telegraph  purposes,  and  the  rubber - 
insulated  cables  differ  only  from  the  wires  furnished  to  the  post 
office  in  having  greater  cross-section  of  conductor  and  increased 
thickness  of  the  rubber  Avails. 

But  in  the  United  States  the  public  had  been  educated  into 
the  toleration  of  overhead  wires,  and  our  cities  were  disfigured 
within  five  years  with  a  forest  of  posts  and  a  network  of  aerial 
conductors  more  extensive  and  more  offensive  than  all  the  tele- 
graph wires  strung  in  the  preceding  forty  years.  Only  one  elec- 
trical inventor,  Mr.  Edison,  spared  the  time  to  design  a  complete 
system  of  buried  conductors  for  electric  lighting  currents,  and 
only  the  Edison  lighting  companies  were  willing,  under  his  ad- 
vice, to  meet  the  expense  of  laying  down  complete  underground 
distributions.  The  system  Mr.  Edison  designed  fulfilled  admir- 
ably the  requirements  I  have  just  stated,  and,  most  admirably  of 
all,  that  of  permitting,  without  interruption  of  current  or  weaken- 
ing of  insulation,  the  frequent  connections  of  service  wires  for 
customers.  How  much  this  design  was  in  advance  of  current 
practice  is  shown  by  the  record  in  this  city,  where  the  Edison 
mains  laid  in  1886  have  remained  in  continuous  service  till  to-day, 
while  no  other  electrical  supply  company  has  yet  constructed  an 
effective  system  of  underground  mains,  and  the  city's  under- 
ground mains  for  street  lighting  were  only  put  in  service  last  year. 

In  the  lighting  department  are  to  be  found  the  greatest  vari- 
ety of  conduit  and  cable  constructions  and  the  most  complete 
absence  of  a  standard  practice.  Even  the  Edison  companies  in 
these  latter  days  have  followed  strange  prophets.  Very  false 
prophets,  too,  have  some  of  them  been. 

The  telephone  followed  closely  on  the  electric  light  in  its 
early  development,  and  it  also  had  its  period  of  overhead  wires 
and  street  obstruction  and  disfigurement.  It  has,  however, 
redeemed  itself  early  in  the  day,  and  the  gigantic  poles,  carrying 
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hundreds  of  telephone  wires,  have  disappeared  from  the  business 
districts  of  ah  our  large  cities. 

Telephone  practice  in  cables  and  conduits  was  at  first  a  copy 
of  the  existing-  telegraph  practice,  but  the  scientific  study  of  the 
telephone  carried  on  under  the  auspices  of  the  Bell  Telephone 
Company  has  led  to  a  differentiation  in  the  direction  of  the  use 
of  cables  better  suited  electrically  to  telephonic  currents  of  small 
volume  and  of  very  high  frequency,  and  better  suited  mechan- 
ically to  the  conditions  which  require  many  thousands  of  inde- 
pendent conductors  to  be  concentrated  w'ithin  the  smallest  possi- 
ble area  in  the  conduits  leading  to  a  modern  telephone  exchange. 
This  is  the  notable  instance  of  standardization  to  which  I  have 
previously  referred. 

The  modern  telephone  cable,  called  the  "conference  cable," 
represents  the  practical  experience,  the  laboratory  experiments, 
and  the  mathematical  calculations  of  as  competent  a  corps  of 
engineers  as  can  be  found  in  the  United  States  to-day. 

To  give  a  history  of  all  the  developments  of  my  subject  is 
a  task  that  is  far  beyond  the  limitations  of  a  paper  like  this.  The 
best  that  can  be  done  is  to  describe  the  practice  of  the  present 
day  and  to  state  shortly  the  reasons  of  this  practice. 

Conduits  for  all  systems  of  electric  distributions  are  gov- 
erned alike  by  some  conditions.  They  must,  in  common  with 
all  underground  structures,  be  of  material  that  will  not  decay  in 
the  presence  of  moisture  and  of  the  various  destructive  agents 
found  in  the  soil.  Among  these  destructive  agents  are  included 
the  illuminating  gas  with  which  the  subsoil  of  most  of  our  cities 
is  saturated,  the  leakage  from  sewers  and  cesspools,  and  the 
electrolytic  action  of  the  return  currents  of  the  street  railway 
system.  Further,  the  conduit  must  resist  the  settling  of  the  soil 
and  the  bad  usage  by  careless  laborers  which  accompany  the 
frequent  excavations  made  in  city  streets.  Lastly,  it  must  be 
intersected  at  convenient  points  by  distri1)uting  chambers,  com- 
monly called  manholes.  In  addition  to  these  absolute  require- 
ments, the  conduit  should  preferably  be  drained  and  ventilated, 
so  that  there  will  not  be  in  it  any  accumulation  of  water  or  gas 
to  interfere  with  the  operations  of  workmen  having  business  with 
the  cables.  In  a  system  designed  to  be  water-  and  air-tight  these 
latter  requirements  are  not  necessary,  so  that  I  have  indicated 
them  as  desirable  rather  than  absolute  conditions.  You  will 
notice  that  I  say  "water-tight  and  air-tight."  It  has  been  fre- 
quently assumed  by  inventors,  and  occasionally  by  skilled  con- 
structors of  conduits,  that  a  conduit  might  be  made  water-tight 
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without  being  absolutely  air-tight.  I  am  satisfied  that  if  the 
former  condition  is  sought,  both  must  be  secured,  because  air 
carries  with  it  a  certain  amount  of  moisture  and  will,  on  a  reduc- 
tion of  temperature,  deposit  that  moisture  on  any  hygroscopic 
surface  with  which  it  is  in  contact.  In  my  experience  I  have 
never  seen  a  water-tight  or  so-called  "weather-tight"  construc- 
tion, not  also  air-tight,  which  did  not  sweat  very  badly,  and  even 
sealed  junction  boxes  and  switch  boxes,  which  are  only  occa- 
sionally opened  to  the  atmosphere,  will  be  found  to  suffer  to  a 
slight  extent  from  the  same  trouble. 

It  is  in  order  here  to  discuss  the  dift'erences  between  the  two 
classes  of  conduits, — those  which  are  intentionally  made  air-  and 
water-tight,  and  the  much  larger  class  in  which  there  is  no  special 
endeavor  made  to  secure  tightness.  The  first  class  is  usually  an 
insulated  conduit, — that  is  to  say,  the  conduit  construction  is 
itself  of  insulating  material  and  the  conductors  are  either  bare 
or  only  covered  for  mechanical  reasons.  The  insulated  conduit 
has  been  a  dream  of  hundreds  of  electricians,  and  has  been  sought 
for  persistently  from  the  earliest  days  of  the  telegraph.  I  believe 
that  but  two  systems  have  yet  been  developed  which  have  stood 
the  test  of  time  and  can  now  be  classed  as  successes.  The  first 
of  these  is  much  in  use  in  England  and,  to  some  extent,  on  the 
continent.  It  is  not  the  production  of  any  one  inventor,  and 
although  many  of  its  details,  as  used  in  different  installations, 
are  covered  by  patents,  the  method  as  a  whole  is  open  to  any  user 
and  details  of  a  practicable  kind  can  be  designed  by  any  good 
engineer.  It  is  generally  known  as  the  "Crompton"  system.  A 
conduit,  usually  of  concrete,  but  sometimes  of  brick  or  iron,  is 
constructed  in  lengths  as  long  as  convenient,  subject  to  the  limita- 
tion that  each  length  must  be  straight  in  both  the  horizontal  and 
the  vertical  plane.  In  this  conduit  are  placed  porcelain  insulators 
of  a  saddle  or  tube  shape,  over  or  through  which  are  drawn  copper 
rods  or  strips.  At  each  change  of  direction,  and  at  intervals  in 
any  straight  run  of  exceptional  length,  small  vaults  are  built, 
having  air-tight  covers,  and  in  these  vaults  clamps  to  grasp  firmly 
each  conductor  are  placed,  and  a  screw  and  nut  or  equivalent 
device  attached  to  each  clamp  wherewith  to  strain  the  conductor, 
so  that  it  does  not  sag  between  insulators.  In  some  instances 
automatic  devices  are  used  for  taking  up  any  slack  due  to  heating 
of  the  conductors,  but  the  more  common  practice  is  to  apply 
sufficient  initial  tension  to  prevent  the  copper  sagging  to  a  dan- 
gerous extent  inider  the  maximum  heating  that  is  to  be  allowed. 

I   do  not  know  that  this  method  has  ever  been  applied  to 
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conductors  having  a  potential  difference  greater  than  500  vohs. 
Its  continued  use  proves  that  it  must  be  a  success,  but  it  has 
developed  some  characteristic  faults.  First,  there  is  the  sweating, 
which  I  have  already  mentioned.  The  air  trapped  in  the  conduit 
will,  on  a  fall  of  temperature,  deposit  its  moisture  on  the  porcelain 
insulators,  and  the  wooden  blocks  on  which  these  insulators  have 
been  mounted  are  found  in  time  to  become  saturated  with  water. 
This  produces  a  state  of  permanent  dampness  in  the  conduit, 
causing  a  slight  general  leakage  of  current,  and  if  the  trouble 
stops  at  this  there  is  little  fault  to  find,  as  in  the  low-tension  sys- 
tems such  a  leakage  is  not  very  expensive. 

But  the  gases  which  saturate  the  soil  also  find  entrance  to 
the  conduit,  and  the  distilled  water  of  condensation  absorbs  these 
gases,  so  that  the  leakage  is  aggravated  by  the  change  from  aqua 
piira  to  an  aqueous  solution  of  one  or  more  objectionable  chem- 
icals, and  surface  leakages  of  large  quantity  become  normal,  with 
electrolytic  deposition  of  copper  salts  on  the  porcelain.  It  was 
believed  at  one  time  that  the  porcelain  surface  was  permanent, 
but  now  one  user  of  this  system  is  seriously  considering  the  aban- 
donment of  it  entirely,  because  of  the  impossibility  of  cleaning 
or  replacing  the  porcelains  as  frequently  as  is  required,  and  be- 
cause the  compounds  electrolytically  formed  are  held  to  have 
been  responsible  for  explosions  of  the  mixture  of  air  and  gas  in 
the  conduit. 

The  other  system  which  has  proved  a  success  is  one  devel- 
oped by  a  Detroit  inventor,  Mr.  Cummings.  He  placed  on  the 
market  some  four  years  ago  tubes  into  which  bare  copper  con- 
ductors could  be  drawn  readily,  in  lengths  up  to  300  or  400  feet, 
and  of  sizes  up  to  i  square  inch  of  cross-section.  To  about  ^  of 
a  square  inch  these  conductors  may  be  round  copper  rod,  the  size 
known  as  4-0  Brown  &  Sharp  gauge  being  frequently  used. 
Above  that  cross-section  the  conductor  must  be  stranded.  The 
tubes  are  made  both  single  duct  and  multiple  duct,  as  many  as 
seven  ducts  having  been  used  in  local  practice.  The  outer  tube 
is  iron,  usually  being  standard  weight  steam  pipe.  The  ducts 
are  wooden  tubes,  the  wood  being  treated  with  creosote  or  some 
similar  preparation  in  order  to  secure  durability.  In  the  single 
duct  form  for  low  voltages  the  wooden  tube  is  directly  in  contact 
with  the  iron  tube,  but  when  the  single  duct  is  used  for  conductors 
of  higher  electro-motive  force,  and  when  nmltiple  ducts  are  used, 
the  wooden  ducts  are  served  with  cord,  which  acts  as  a  mechan- 
ical separator  from  the  iron  pipe  and  also  to  separate  one  duct 
from  another,  and  the  interstices  are  filled  with  a  mineral  product, 
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such  as  asplialtuni  or  tar.  The  material  at  present  used  for  fill- 
ing is  one  of  the  petroleum  products.  These  completed  tubes 
are  butted  together,  end  to  end,  the  exact  coincidence  of  each 
duct  with  its  continuation  in  the  next  tube  being  secured  by  very 
simple  means,  and  this  butted  junction  is  made  water-  and  air- 
tight by  clamping  around  it  a  cast-iron  box,  which  is  filled  with 
compound  similar  to  that  used  in  the  tubes.  The  manholes  or 
junction  boxes  of  this  system  are  iron  castings,  with  loose  outer 
cover  and  an  inner  cover  which  is  made  tight  by  a  rubber  gasket 
and  an  application  of  hot  beeswax  and  tallow. 

The  Cummings  system  has  a  number  of  advantages  peculiar 
to  itself.  The  wood  surface  of  the  duct  is  not  hygroscopic,  so 
that  no  condensation  takes  place  except  on  the  sides  of  the  iron 
manholes,  where  it  does  no  harm. 

The  coefficient  of  friction  between  copper  and  the  prepared 
wood  is  very  small,  so  that  there  is  no  trouble  in  pulling  a  great 
length  of  heavy  conductor.  Then  the  material  seems  to  be 
permanent  in  its  electrical  and  mechanical  qualities,  and  it  is  of 
necessity  used  of  considerable  thickness,  so  that  there  is  no  possi- 
bility of  conductors  in  different  ducts  being  brought  within  the 
sparking  distance  of  any  ordinary  voltage.  I  don't  think  that 
the  makers  of  this  conduit  will  err  as  did  the  cable  manufacturers 
in  placing  cables  on  the  market  which  gave  a  high  laboratory 
test,  but  infallibly  punched  out  under  the  practical  conditions  of 
use. 

There  have  been  several  attempts  made  by  manufacturers  of 
paper-lined  tubes  to  introduce  these  into  service  as  underground 
conduits.  So  far  I  do  not  know^  of  any  permanent  success. 
There  was  one  very  rank  failure  in  this  city,  of  which  most  of  you 
who  observe  such  things  are  probably  cognizant.  A  conduit 
system  was  laid  of  paper  tubes  stacked  in  a  box  filled  with  roofing 
tar  and  having  manholes  which  were  supposed  to  be  water-  and  air- 
tight. Into  the  tubes  were  drawn  wires  braided  or  lightly  in- 
sulated with  rubber  tape.  It  was  a  mistake  to  insulate  the  wires 
at  all,  because  the  braiding  received  moisture  from  the  air  at  each 
reduction  of  temperature,  and  held  it  in  contact  with  the  paper 
of  the  ducts.  The  surface  of  the  paper  was  moisture-resisting, 
but  the  material  was  not  so  saturated  as  to  be  permanently  damp- 
proof,  and  in  due  time  there  were  frequent  failures  of  insulation 
and  burning  of  the  conduit.  Please  note  that  it  is  a  good  thing 
(other  things  being  e([ual)  to  have  your  duct  material  fireproof, 
because  if  anything  does  go  wrong  with  an  electric  light  con- 
ductor a  blaze  is  the  usual  consequence.    The  troul)les  which  were 
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incident  to  the  design  were  aggravated  by  the  carelessness  of  the 
builders,  who  made  many  connections  into  the  manholes  in  a 
rough-and-ready  way,  which  was  certain  in  time  to  allow  the  en- 
trance of  water  to  these  manholes,  and  from  them  to  the  tubes. 
Finally  the  system,  after  suffering  still  more  from  neglect  of  men 
who  should  have  taken  care  of  it,  was  abandoned  altogether. 

I  don't  know  any  reason  why  a  paper  tube  system  should 
not  be  brought  into  practical  shape.  It  is  still  being  exploited 
occasionally  by  one  tube  manufacturing  concern,  and  they  may 
ultimately  make  it  a  go.  Their  circulars,  however,  distributed 
within  the  current  year,  show  a  lack  of  appreciation  of  the  prac- 
tical conditions  of  conduit  work  which  prevents  my  hoping  for 
an  early  success. 

There  is  a  tight  system  occasionally  used  which  deserves 
mention,  although  its  limitations  are  such  as  to  prevent  its  gen- 
eral adoption.  It  is  the  Brooks  oil-insulated  conduit.  In  this 
method  an  iron  pipe  is  laid  and  made  tight.  Into  it  the  con- 
ductor, wrapped  with  a  fibrous  covering,  such  as  jute,  is  drawn, 
and  finally  the  tube  is  pumped  full  of  heavy  oil,  such  as  resin  oil. 
Arrangements  are  made  so  that  a  pressure  of  a  few^  pounds  to  the 
square  inch  is  maintained  on  the  oil,  so  that  there  is  no  tendency 
for  water  to  leak  in  and  displace  it.  A  very  perfect  system  of 
glands  and  packing  has  been  devised  for  service  connections  and 
terminals.  The  chief  claim  made  for  this  system  is  that  the  oil 
prevents  the  development  of  a  permanent  fault  sequent  to  a  high- 
tension  discharge  from  the  conductor  to  the  iron  pipes.  Expe- 
rience in  this  country  with  oil-insulated  transformers  would 
justify  this  claim,  but  it  is  doubtful  whether  under  any  usual 
conditions  the  complications  of  the  system  would  be  warranted 
in  order  to  secure  this  special  advantage. 

Coming  now  to  the  much  more  common  conduit  systems, 
which  are  neither  tight  nor  insulated — which  are  tersely  described 
by  a  practical  man  as  "horizontal  holes  in  the  ground  into  which 
}Ou  can  pull  cables" — the  tendency  to-day  is  to  accept  as  standard 
for  all  classes  of  electrical  work  a  duct  of  vitrified  brick  or  terra 
colta.  There  is  a  strong  minority  opinion  in  favor  of  a  duct 
caMed  "cement-lined,"  molded  within  a  sheet-iron  shell  from  a 
mixture  of  Portland  cement  and  sand, — an  artificial  stone.  The 
fault  of  the  latter  is  its  very  high  coefficient  of  friction  in  con- 
junction with  the  usual  lead  sheathing  of  cables,  which  makes  the 
pulling  of  the  cable  through  a  cement-lined  duct  a  much  greater 
undertaking  than  through  an  equal  length  of  tile.  The  advantage 
of  the  cement-lined  duct  is  tliat   it  can  be  produced   in   greater 
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lengths  than  is  possible  with  tile  or  terra  cotta,  because  of  the 
warping* of  the  latter  in  the  kilns. 

Ducts  of  asphaltic  concrete  were  once  used,  these  having 
been  the  earliest  in  the  market,  and,  having  been  cleverly  ex- 
ploited, were  laid  down  in  many  cities,  including  Detroit.  They 
were  expensive,  which  is  their  chief  fault.  The  minor  faults  were 
liability  to  damage  from  the  burning  out  of  a  cable  and  from 
proximity  to  steam  pipes  or  other  sources  of  heat  to  be  found 
under  city  streets. 

The  tile  ducts  are  made  both  single  duct  and  multiple  duct. 
Both  the  Camp  single  duct  tile  and  the  McRoy  multiple  duct 
terra  cotta  conduit  have  been  largely  used  in  this  city.  For 
multiple  duct  conduit  the  Camp  tile  is  laid  in  tiers  in  cement 
mortar  exactly  like  bricks  in  a  wall,  the  matching  of  the  ducts 
being  secured  by  drawing  a  mandrel  into  each  tile  as  it  is  laid. 
The  McRoy  conduit  is  usually  laid  the  same  way,  but  sometimes, 
when  it  is  important  to  exclude  water,  the  joints  between  sections 
are  sealed  by  a  wrapping  of  jute  bagging,  saturated  with  hot 
asphalt.  This  is  an  old  plan,  having  been  used  with  the  Lynch 
conduit,  which  was  a  tile  of  square  cross-section  (usually  lo  x  lo 
inches),  having  a  horizontal  partition,  which  carried  one  layer 
of  cables,  while  a  second  layer  rested  on  the  bottom  of  the  tile. 

The  standard  duct  for  telephone  purposes  is  3  inches  in 
diameter,  and  electric  light  men  are  finding  this  also  a  convenient 
size,  so  that  it  is  now  the  most  frecjuently  called  for.  It  holds 
three  or  four  small  cables  or  one  large  one,  or  a  multiple  con- 
ductor feeder  cable  for  a  three-wire  system,  very  conveniently. 

Manholes  are  almost  always  built  of  brick.  When  a  fairly 
large  manhole  is  needed  it  is  hardly  possible  to  use  anything  but 
brick.  Cast-iron  manholes  of  small  sizes  can  sometimes  be 
placed,  but  the  inflexibility  of  this  material  makes  it  very  incon- 
venient when  the  street  is  crowded  with  pipes  and  conduits  hav- 
ing prior  right  of  way.  I  have  seen  and  used  concrete  manholes, 
some  of  them  of  large  size,  but  the  same  difificulty  affects  these,  as 
they  must  be  rammed  up  around  a  mold,  which  mold  cannot  be 
placed  in  position  if  there  is  any  obstruction  in  the  hole.  If  you 
have  to  build  a  new  mold  for  every  hole,  there  is  no  profit  in 
concrete  work;  but  with  brick  you  can  build  the  manhole  of  any 
shape  required,  and  you  may  write  it  down  that  no  two  man- 
holes in  a  city  job  built  in  these  latter  days  will  have  the  same 
dimensions,  and  you  will  be  fortunate  indeed  if  one-half  of  them 
are  so  nearly  of  contract  shape  that  the  contractor  will  not  claim 
'"extras"  on  them. 
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The  sewer  connection  is  necessary  in  manholes  frec^uently 
nsed.  Those  seldom  opened  and  far  from  sewers  may  be  al- 
lowed to  till  up  with  water,  if  the  cables  are  of  the  lead-covered 
type,  as  pumping  out  occasionally  will  be  cheaper,  in  the  long 
run,  than  sewer  connections.  \'entiiation  sufficient  for  the  dilu- 
tion of  gases  to  a  safe  figure  can  usually  be  had  by  perforation 
of  the  manhole  cover,  but  where  much  gas  leaks  in,  special  pro- 
vision for  ventilation  should  be  made. 

The  best  practice,  as  exemplified  in  recent  work,  is  to  la}^  the 
tile  conduits  on  a  foundation  of  concrete  and  to  fill  the  space 
between  the  stack  of  tiles  and  the  sides  of  the  ditch  with  grout. 
The  use  of  the  foundation  is  obvious.  The  side  filling  is  preferred 
to  back  filling  the  earth,  because  it  does  not  require  to  be  rammed, 
and  so  the  danger  of  displacing  the  tiles  from  their  alignment  is 
avoided.  On  top  of  the  whole  construction  a  layer  of  concrete 
is  advisable,  although  not  always  necessary,  its  use  being  to  pro- 
tect the  tile  from  picks  and  bars  in  the  hands  of  careless  exca- 
vators. 

There  is  no  standard  practice  in  the  construction  of  branches 
from  main  lines  of  conduits.  The  telephone  companies  com- 
monly use  sewer  tile,  employing  the  usual  sweep  bends  for  angles. 
The  joints  between  the  sewer  tiles  are  made  with  cement  mortar.  • 
Where  there  is  risk  of  disturbance,  or  where  the  space  for  the 
branch  conduit  is  limited,  as  it  is  in  many  alleys  and  courts, 
wrought-iron  ])ipe  is  used.  There  is  a  tendency  to  use  cast  iron, 
which  1  think  is  preferable  to  either  wrought  iron  or  tile  for  runs 
of  one  or  two  ducts,  in  that  it  is  neither  so  easily  injured  as  the 
tile,  nor  does  it  rust  out,  nor  be  eaten  by  electrolysis,  so  soon  as 
the  wrought-iron  pi])e.  Most  of  the  wrought-iron  pipe  on  the 
market  to-day  is  not  iron  at  all,  but  is  steel,  and  it  does  not  last 
underground  as  long  even  as  the  old-time  wrought  iron. 

In  two  recent  installations  of  single  duct  conduits  in  park?, 
namclv:  the  West  i'ark  ])lant,  in  Chicago,  and  in  our  own  Island 
Park,  wooden  i)ump  logs  have  been  used  for  ducts.  This  mate- 
rial, when  kept  constantly  wet,  lasts  for  a  very  long  time  and  is 
a  very  satisfactory  conduit.  In  soils  which  are  only  moderately 
damp  the  saturation  of  the  wood  with  creosote  much  increases 
its  useful  life.  I'rom  my  ex])erience  in  Chicago.  I  should  fear 
that  tlie  ])unip  log  laid  close  to  the  surface,  as  it  is  in  the  West 
Park  installation,  will  not  last  for  any  length  of  time,  but  on  Belle 
Isle,  where  the  soil  is  not  only  saturated  with  water,  but  where  the 
wood  has  been  creosoted,  I  think  the  conduit  will  l)e  as  durable 
as  any   other   material    except    tile.      The   oljjection    to   tile   is   the 
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difficulty  of  jjoining  it  in  a  wet  ditch,  such  as  is  usual  on  the  island, 
the  cement  being  washed  out  of  the  joint  at  once,  and  the  cer- 
tainty that  tree  roots,  particularly  those  of  the  willow  species, 
would  find  their  way  into  the  conduit  and  in  time  fill  the  ducts 
with  a  vegetable  network,  which  would  prevent  the  drawing  in 
or  out  of  cables.  The  creosoted  wood  is  not  touched  by  tree 
roots  at  all,  and  the  joints,  having  been  sealed  with  roofing  tar, 
will  permit  no  access  of  the  suckers. 

My  idea  of  a  perfect  single  duct  system  is  a  cast-iron  pipe 
laid  exactly  as  is  a  water  main,  the  joints  leaded  and  caulked  and 
the  occasional  curves  or  large  radius  being  obtained,  as  they  are 
in  water  main  practice,  by  offsetting  each  length  of  pipe  a  little. 
It  would  be  necessary  to  ream  out  the  spigot  end  of  each  length 
of  pipe,  and  there  should  be  provided  plenty  of  flanged  lengths 
to  be  used  instead  of  the  leaded  joints  in  working  through  occa- 
sional wet  places.  The  pipe  ought  to  be  thoroughly  cleaned  at 
the  foundry  and  coated  hot  with  Angus-Smith  compound.  Spe- 
cial sweep  fittings  would  be  used  for  laterals  entering  buildings 
or  led  up  poles. 

To  turn  from  conduits  to  cables:  In  all  departments  of 
electrical  work  the  lead-covered  cable  is  now  used.  There  are 
very  few  engineers  laying  cables  not  protected  by  lead  these  days. 
Some  estimable  gentlemen  have  been  so  "rattled"  by  the  ravages 
of  electrolysis  that  they  have  advocated  a  return  to  the  use  of  non- 
leaded  cables,  substituting  for  the  lead  a  saturated  braid  or  tape. 
I  have  not  heard  anything  of  this  idea  for  the  last  eight  months, 
and  its  advocates  have  had  the  worst  of  it  in  all  the  arguments  of 
the  earlier  part  of  the  year.  But  this  agitation  has  had  the  good 
effect  of  bringing  about  the  study  of  the  use  of  protective  braids 
or  coatings  to  be  applied  over  the  lead,  and  it  has  been  found,  as 
usual  in  our  cable  practice,  that  the  European  engineers  have 
developed  this  system  very  thoroughly.  Any  of  the  cable  com- 
panies will  now  furnish  leaded  cables  having  an  external  coating. 
One  of  the  best  of  these  consists  oi,  first,  the  coating  of  the  cable 
with  an  asphaltum  compound,  which  does  not  harden  in  cold 
weather;  next,  the  lapping  around  the  cable  on  top  of  this  coating 
of  a  double  layer  of  dry  manilla  paper;  third,  another  coat  of 
asphaltum,  of  a  different  composition,  which  sets  harder  than  the 
first  coat;  finally,  two  servings  of  jute  twine,  saturated  with  as- 
phalt, the  second  serving  being  applied  in  the  reverse  direction 
to  the  first  one.  This  process,  when  carefully  carried  out,  forms 
an  ideal  protection  from  electrolytic  action.  It  is  important  to 
see  that  the  twine  is  saturated  before  it  is  applied  to  the  lead,  as 
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many  cable  manufacturers  serve  the  lead  with  dry  twine  and  at- 
tempt to  saturate  it^  afterward,  which  process  is  almost  certain 
to  fail  of  its  object. 

The  telephone  companies,  as  I  have  already  mentioned,  have 
adopted  a  standard  cable,  called  the  "conference  cable."  This 
contains  a  sufficient  number  of  pairs  of  small  wires,  usually  lOO 
pairs,  each  pair  being  twisted  on  itself  and  the  total  number  being 
made  up  into  a  loose  strand.  The  insulation  of  the  individual 
wire  is  a  loosely  applied  strip  of  paper,  dried  by  heat,  but  not  filled 
in  any  way  to  prevent  absorption  of  moisture.  The  lead  sheath 
is  forced  by  a  continuous  process  over  the  strand  of  twisted  pairs, 
and  the  ends  of  each  length  are  sealed  against  the  entrance  of 
moisture  by  a  filling  of  paraffine  and  a  lead  cap,  which  remains  in 
position  until  the  cable  has  to  be  jointed  to  the  next  length.  Of 
course,  a  perforation  of  the  lead  would  admit  moisture  to  the 
cable,  and,  as  the  atmospheric  moisture  present  on  an  ordinary 
damp  day  is  quickly  absorbed  by  the  dry  paper,  very  great  care 
has  to  be  taken  to  maintain  the  integrity  of  the  lead  sheath.  The 
lead  is  not  pure,  but  is  alloyed  with  2  or  3  per  cent,  of  tin,  which 
makes  it  considerably  harder  and  less  liable  to  stretch  during  the 
process  of  pulling  in  through  the  ducts.  This  alloy  of  lead  and 
tin  is  almost  universally  used  by  American  cablemakers.  One 
maker  prefers  a  pure  lead  with  a  surface  coating  of  tin  applied  to 
it  after  the  cable  is  otherwise  complete.  I  don't  find  that  this 
method  is  any  better  than  the  more  common  one. 

The  telegraph  companies  on  their  main  lines  have  taken 
lately  to  using  paper-insulated  cables,  not  differing  materially 
from  those  designed  for  telephone  work,  but  most  of  the  tele- 
graph cables  now  underground  are  rubber  insulated,  the  different 
wires  being  bunched  under  a  tape  and  braid,  and  in  all  the  later 
practice  having  the  lead  sheath  over  all.  Telegraph  cables  for 
submarine  work  are  always  rubber  insulated  in  American  prac- 
tice. The  Atlantic  cables  and  other  long-distance  cables  are  noi 
made  in  American  factories,  and  are,  except  when  laid  in  trop- 
ical seas,  insulated  with  gutta-percha.  The  usual  finish  of  a  sub- 
marine cable  is  a  bedding  of  tanned  jute,  with  an  armoring  of 
galvanized  iron  wires  over  all.  Cables  laid  in  water  infested  by  the 
teredo  naralis  are  sometimes  protected  by  a  copper  or  brass  strip 
instead  of  the  galvanized  iron  wires.  Bunched  cables  for  use  by 
the  American  telegraph  companies  under  rivers  and  estuaries 
have  of  late  vears  been  lead-sheathed  over  the  bunch  of  rubber- 
insulated  wires  and  before  application  of  the  jute  bedding.  The 
telephone  companies  avoid  submarine  cables  as  nuich  as  possible. 
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because  of  the  bad  effects  of  such  cables  on  the  talking  capacity 
of  the  lines.  When  compelled  to  install  them  they  usually  follow 
telegraph  practice. 

Electric  light  practice  to-day  is  about  evenly  divided  between 
paper-insulated  cables  and  rubber-insulated  cables,  both  lead 
covered.  The  paper  cable  for  electric  light  work  differs  alto- 
gether from  that  for  telegraphic  work,  in  that  the  paper  is  laid  on 
closely  and  is  saturated  with  a  viscous  compound.  The  paper  is 
not  laid  on  very  tightly;  the  different  layers  are  so  disposed  as  to 
allow  of  a  slight  slip  when  the  cable  is  bent,  so  preventing  break- 
ing of  the  paper,  because  it  is  necessary  to  avoid  the  presence  of 
any  cracks  or  crevice,  extending  from  the  copper  of  the  con- 
ductor to  the  lead  sheath.  Such  breaks  in  the  continuity  of  the 
insulation  are  weak  points,  permitting  the  passage  of  high  poten- 
tial discharges,  which  would  be  withstood  by  the  body  of  the 
insulation.  The  viscous  filling  has  for  its  object  the  restoration 
of  continuity  by  the  slow  movement  of  the  filling  into  any  crevice 
that  may  form.  You  will  notice  that  in  an  electric  light  cable 
with  paper  insulation  the  paper  is  a  true  insulator,  while  in  the 
telephone  cable  the  paper  simply  serves  to  preserve  the  distance 
between  the  individual  wires,  and  the  air  is  the  insulator.  Rubber 
cables  are  preferred  for  high-tension  work — 5000  volts  and  up- 
ward— in  our  practice,  although  there  are  theoretical  reasons,  in 
favor  of  paper.  Only  one  of  the  numerous  fibrous  insulations 
with  which  the  market  was  once  filled  now  remains  in  the  market. 
That  is  the  Waring  "ozite"'  filled  cable,  which  has  excellent  me- 
chanical qualities  combined  with  a  low  cost.  The  other  fibrous 
insulations  have  been  displaced  by  paper.  In  choosing  between 
rubber  and  paper  insulation  two  considerations  must  be  taken 
into  account  which  are  too  frequently  overlooked.  The  first  is 
the  possibility  of  the  lead  sheathing,  on  which  the  insulation  of 
a  paper-covered  conductor  finally  depends,  being  destroyed  by 
electrolysis.  If  electrolytic  action  is  known  to  exist  in  the  earth 
where  the  cable  is  to  be  laid,  of  course  the  lead  should  be  pro- 
tected in  the  first  place,  no  matter  what  the  insulation  may  be. 
But  if  the  risk  is  only  a  remote  one,  liable  to  follow  on  future 
extensions  of  street  railway  lines,  it  is  well  to  note  that  a  rubber- 
insulated  cable  may  continue  in  use  long  after  the  lead  is  per- 
forated or  destroyed.  The  other  consideration,  which  some  engi- 
neer or  other  of  my  acquaintance  overlooks  at  least  once  a  year, 
is  that  with  high  electro-motive  force  a  definite  space  must  be 
occupied  by  insulation  all  around  the  conductor  to  prevent  what 
is    called    "punching-out" — that    is    to    say,    the    passage    of    a^ 
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discharge  from  conductor  to  lead  sheath,  so  that  in  many  cases 
it  is  better  to  use  a  greater  thickness  of  the  cheaper  insulation, — 
to  wit,  paper, — rather  than  a  less  thickness  at  equal  cost  of  the 
more  expensive  material ;  and  this,  although  the  thin  rubber  wall 
will  give  a  higher  insulation,  as  tested  in  the  usual  way,  than  will 
the  paper. 

And  in  designing  a  cable  system  a  thorough  study  should 
be  made  of  the  details  of  junctions  and  terminals.  There  are 
plenty  of  good  cables  to  be  had,  and  there  are  enough  good 
jointers  to  make  the  splices  in  the  cables,  but  there  is  a  sad  lack 
of  details,  such  as  switches,  lamp  connections,  and  service  boxes, 
fit  to  stand  the  ordinary  accidents  of  use  at  high  electro-motive 
force. 

In  closing,  it  is  necessary  to  say  a  few  words  about  the  sys- 
tems of  cables  or  conductors  which  do  not  permit  of  the  with- 
drawing of  the  conductors,  including  in  this  the  well-known  solid 
systems,  so-called,  of  Edison  and  of  Fcrranti.  The  best  known 
of  these  systems  in  the  United  States  is  the  Edison  tube,  wherein 
three  solid  copper  rods  are  wrapped  with  cord  so  as  to  preserve 
their  distance  from  one  another,  and  placed  in  an  iron  pipe  of 
sufficient  size,  the  ends  of  the  pipe  being  closed  with  hard  rubber 
plugs  and  the  interstices  being  filled  up  solid  with  an  asphalt  com- 
pound. The  tubes  are  usually  20  feet  long.  The  joints  between 
these  tubes  are  made  by  slightly  flexible  links,  and  the  links  and 
the  ends  of  the  tubes  are  protected  by  a  turtle-shaped  casting, 
which  is  finally  filled  with  compound  similar  to  that  used  in  the 
tubes.  There  is  more  electric  energy  distributed  over  this  style 
of  conductor  than  over  any  other  in  use  in  the  United  States. 
The  Edison  tube  system  is  to-day  essentially  the  same  as  when  it 
was  introduced  fourteen  years  ago,  and  in  our  own  city  several 
miles  of  tubing  laid  in  1886  are  in  use  at  the  present  moment,  and 
have  been  continually  in  use  since  first  laid.  The  special  virtues 
of  this  method  of  arranging  underground  conductors  are  that  its 
method  of  joining  conductors  permits  the  making  of  service  con- 
nections at  the  junction  of  any  two  tubes,  and  that  the  tubes  form 
a  sufficient  mechanical  protection  to  the  conductors  against  any 
of  the  usual  disturbers  of  the  subsoil.  The  only  instances  in  this 
city  in  which  these  conductors  have  been  injured  by  street  exca- 
vations have  been  those  where  the  work  has  produced  a  general 
settlement  of  the  soil  or  a  partial  landslide,  causing  the  joints 
(which  are  not  designed  to  resist  longitudinal  strains)  to  open 
out.  An  example  of  this  occurred  in  the  alley  south  of  the  Ham- 
mond Building,  when  the  excavation  for  the  Union  Trust  Build- 
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ing  was  made.  The  soil  of  the  aUey,  including  part  of  the  founda- 
tion of  the  Hammond  Building,  started  forward  into  the  excava- 
tion and  the  Edison  tubes  were  torn  apart. 

The  celebrated  Ferranti  tubes  have  been  described  so  often 
and  have  been  so  limited  in  their  use  that  they  require  no  descrip- 
tion from  me.  You  will  remember  that  they  contain  concentric 
conductors  designed  to  carry  current  at  a  pressure  of  10,000  volts; 
that  the  insulation  is  paper  soaked  with  ozokerite,  and  that  the 
joints  are  accurately  turned  tapers,  male  and  female.  The  system 
was  lacking  in  fiexibility,  and  re(iuired  an  unusual  order  of  skill 
and  specially  accurate  machinery  in  making  up  the  sections. 

Some  eight  years  ago  another  solid  system  of  conductors  was 
tried  in  several  cities  and  under  dilTerent  names.  The  conductors 
were  stranded  copper  cables  without  insulation,  laid  in  a  matrix 
of  asphalt,  the  asphalt  being  confined  by  a  wooden  trough  and 
covered  with  plank.  The  plan  failed  because  of  the  softening  of 
the  asphalt,  allowing  the  conductors  to  sag  together,  or  in  other 
instances,  where  the  asphalt  was  sufficiently  firm  to  resist  sag- 
ging, through  the  opening  of  cracks  allowing  water  from  the  soil 
to  reach  the  conductors  and  cause  short  circuits.  I  may  say  that 
the  finding  of  an  asphalt  insulating  compound  which  will  remain 
viscous  at  minimum  temperature  of  the  subsoil  of  the  Northern 
American  states  and  will  still  be  firm  enough  at  maximum  tem- 
perature to  prevent  sagging  of  imbedded  conductors  is  still  an 
unsolved  problem. 

Finally,  there  have  been  laid  underground  a  great  many 
cables  simply  buried  in  the  soil.  This  is  a  favorite  practice  in 
Europe,  and  the  European  cable  manufacturers  make  cables 
armored  with  iron  strip  or  with  interlocking  wire  specially  for 
this  work.  In  this  country  such  special  cables  are  not  regularly 
on  the  market,  and  the  practice  is  not  in  favor,  because  of  the 
continual  tearing  u])  of  our  streets  for  different  purposes  without 
proper  supervision  of  the  excavators.  Lead-covered  cables  are 
laid  occasionally  in  streets  not  likely  to  be  disturbed,  a  bed  of 
concrete  or  a  creosoted  plank  being  laid  on  top  of  the  cable  to 
give  notice  to  the  careless  excavator.  I  am  sorry  to  say  that  my 
own  experience  shows  that  neither  concrete  nor  plank  is  effective. 
( )ur  local  wielders  of  the  pick  are  not  expected  to  think,  and, 
being  directed  to  open  a  trench,  will  work  on  faithfully  through 
either  concrete  or  plank,  varying  their  straightforward  digging 
only  by  an  occasional  "undercut"  to  the  obstruction.  At  least 
two  Polish  citizens  of  Detroit  have  been  educated  during  the  last 
three  months  as  to  the  inadvisability  of  undercutting  small  sec- 
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tions  of  concrete  uncovered  in  trenches.  One  of  the  two  knows 
now  that  he  struck  an  electric  Hght  cable,  and  that  the  destruc- 
tion of  the  point  of  his  pick  and  the  accompanying  blaze  were  due 
to  physical  causes.  The  other  man  disappeared  for  the  day,  after 
his  earlv  morning"  experience  of  this  kind,  and  at  last  accounts 
was  still  firmly  convinced  that  there  exists  on  Washington  ave- 
nue, in  front  of  St.  Aloysius  Church,  a  short  and  direct  passage 
to  the  nether  regions. 
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THE  COXSTKUCTfON   OF  THE   HEMET    DAM. 


By  James   D.   Schuyler,   Member  of  the  Technical   Society   of  the 

Pacific  Coast. 


[Read  before  the  Society,  June  4,   1897.*] 

California  has,  within  her  borders,  a  number  of  high 
masonry  clams,  possibly  more  than  any  other  state  in  the  Union, 
certainly  more  than  any  other  Western  state,  and  nearly  all  of 
these  dams  have  been  built  within  the  past  10  years.  The  most 
prominent  of  these,  named  in  the  order  of  their  height,  are  the  San 
Mateo,  Hemet,  La  Grange,  Sweetwater,  Folsom,  and  Bear  Valley, 
all  of  which  have  been  repeatedly  described  and  discussed  in  engi- 
neering societies  and  in  technical  journals,  as  well  as  in  the  local 
periodicals,  with  the  single  exception  of  the  Hemet  Dam,  which, 
though  second  in  height,  is  apparently  but  little  known,  and  is 
seldom  mentioned  in  print  except  by  the  journals  in  the  imme- 
diate locality,  none  of  which  have,  however,  given  it  complete  or 
adequate  illustration.  This  is  due  partly  to  the  remoteness  of  the 
situation  of  the  dam  and  the  difficulty  of  reaching  it,  as  well  as  to 
the  modesty  of  the  men  who  have  constructed  it  and  put  it  in 
service,  without  the  flourish  of  trumpets  which  ordinarily 
announces  the  completion  of  a  work  of  such  magnitude,  and 
which  might  be  regarded  as  entirely  justifiable  in  the  present  in- 
stance, where  such  a  substantial  addition  to  the  wealth  of  a  com- 
munity has  been  made  and  so  notable  an  object  lesson  given  of  the 
possibilities  of  water  storage  in  the  arid  region. 

The  writer,  having  planned  the  structure  and  supervised  its 
erection  by  occasional  visits  as  consulting  engineer,  has  been 
frequently  invited  to  write  an  account  of  its  construction  for  the 
enlightenment  of  the  profession  as  to  its  details,  and  has  recognized 
that  it  is  a  duty,  which  every  engineer  owes  to  his  fellows,  to  make 
such  a  public  record  of  the  works  constructed  under  his  charge  as 
will  serve  as  a  convenient  reference  for  the  future.  Until  recently, 
the  immediate  spur  or  incentive  required  for  the  preparation  of 
such  data  was  lacking,  and  the  good  intention  was  repeatedly  put 
aside  by  more  urgent  demands  upon  the  writer's  time,  but,  having 
been  employed  to  write  a  general  paper  on  "Water  Storage  and 
Dam  Construction  in  the  Arid  Region"  for  the  Eighteenth  Annual 
Report  of  the  Hydrographic  Division  of  the  United  States  Geolo- 
gical Survey,  shortly  to  be  published,  he  revisited  the  dam,  revised 
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his  notes  and  drawings,  and  prepared  an  account  of  the  work,  from 
wliich  the  following  is  largely  extracted  by  permission  of  the  Chief 
Hydrographer,  although  rearranged  and  presented  in  somewhat 
different  form. 

Hemet  Valley,  Fig.  i,  wdiose  outlet  is  closed  by  the  dam  of  the 
same  name,  is  an  elevated  mountain  valley  on  the  southern  flank  of 
San  Jacinto  Mountain,  in  Riverside  County.  •  The  general  altitude 
of  the  valley  is  about  4300  feet  above  sea-level.  It  is  in  the  region 
of  pine  timber,  which  rather  sparsely  covers  the  valley  and-  the 
mountain  sides.  It  is  a  cold,  frosty  valley,  unfit  for  agriculture 
and  suitable  only  for  grazing,  for  which  it  affords  a  coarse,  hardy 
wire  grass  that  cattle  appear  to  thrive  upon.  It  has  never  been 
occupied,  except  by  a  single  family;  subsisting  on  the  stock-raising 
industry,  which  has  not  been  interrupted  by  the  construction  of 
the  dam,  as  by  far  the  larger  part  of  the  valley  is  still  above  the 
high-water  line  of  the  reservoir. 

Mt.  San  Jacinto  and  Grayback,  which  stand  as  sentinels,  one 
on  each  side  of  the  great  gateway  of  San  Gorgonio  Pass,  are  two 
of  the  highest  peaks  in  Southern  California,  and  the  former,  10,987 
feet  in  altitude,  is  a  trifle  the  higher  of  the  two.  The  principal 
drainage  of  the  peak  is  into  the  San  Jacinto  River,  of  which  the 
South  Fork,  flowing  through  Hemet  \'alley,  is  the  largest  tribu- 
tary. The  area  of  watershed  above  the  dam  is  variously  estimated 
at  from  65  to  150  square  miles,  although  no  surveys  have  been 
made  to  determine  its  boundaries  with  precision. 

No  reliable  records  have  been  kept  of  the  precipitation,  either 
at  the  dam  or  at  any  other  points  on  the  watershed,  but  it  is  quite 
evident  from  the  topography  that  the  precipitation  at  the  dam 
would  be  the  minimum  of  the  entire  shed. 

The  outlet  from  Hemet  Valley  is  a  narrow  canyon  in  granite, 
through  which  the  stream  plunges  for  nine  miles,  making  a  total 
descent  of  about  2000  feet  to  its  junction  with  Strawberry  Fork, 
where  is  located  the  pick-up  w^eir,  which  diverts  water  from  the 
stream  into  a  flume  conveying  it  to  the  distributing  system  in 
the  valley  below.  Hemet  Dam  is  located  at  the  head  of  this  gorge 
at  its  narrowest  point. 

^^'hen  the  enterprise  of  constructing  the  dam  was  first  con- 
sidered, in  1886,  plans  were  drawn  for  a  structure  which,  had  it 
been  built,  would  have  been  more  startling  in  dimensions  than 
even  the  notorious  Bear  A'alley  Dam,  as  a  uniform  thickness  of 
4  feet  from  bottom  to  top  was  proposed,  and  the  dam  was  to 
depend  wholly  upon  the  arch  for  its  stal)ility.  It  was  to  be  curved 
up  stream,  \vitli  the  shortest  possible  radius,  and  to  be  of  cut  stone 
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laid  in  cement.  This  structure  was,  however,  not  approved  by  the 
company,  which  shortly  after  changed  hands,  and,  prehminary  to 
the  storage  of  water,  it  was  decided  by  the  new  corporation,  enti- 
tled the  Lake  Hcmet  Water  Company,  to  first  utilize  the  waters  of 
the  living  stream  to  their  full  extent.  For  this  purpose  a  13-inch 
pipe  was  laid  from  the  junction  of  the  Strawberry  and  South  Forks 
down  the  canyon  3^  miles  to  its  mouth,  and  thence  out  to  the  tract 
of  7000  acres  of  valley  land  acquired  by  the  stockholders,*  over 
which  the  water  was  distributed  in  pipes. 

The  storage  dam,  though  not  actually  begun,  was  in  contem- 
plation. Nevertheless,  it  was  found  that  prospective  land  pur- 
chasers and  home-seekers  were  skeptical  of  the  sufficiency  of  the 
water  supply  with  merely  the  normal  stream  flow  of  the  South 
Fork  as  the  only  visible  source,  and,  though  the  lands  were  other- 
wise all  that  could  be  desired,  they  were  practically  unsalable  until 
the  company  began  the  actual  building  of  the  dam,  and  had 
finished  it  so  far  as  to  be  able  to  store  a  considerable  body  of  water 
behind  it. 

The  site  seemed  specially  suitable  for  a  masonry  structure 
because  of  the  excellence  of  the  bedrock  foundation,  the  abundance 
of  good  granite  and  sand  right  at  hand,  and  the  narrowness  of  the 
canyon  where  it  was  to  be  located.  A  rock-fill  dam  was  first  con- 
sidered among  the  possibilities;  but,  as  the  side  walls  of  the  canyon 
were  no  higher  than  the  maximum  height  of  dam  proposed,  most 
of  the  rock  would  have  had  to  be  hoisted  and  transported  from 
quarries  above  and  below,  and  the  volume  of  material  to  be  handled 
would  have  been  so  much  greater  than  for  a  masonry  dam  that 
there  was  no  apparent  economy  in  favor  of  a  rock-fill. 

From  the  outset  the  projectors  were  determined  to  erect  the 
best  dam  that  men  and  money  could  build,  and  the  writer  was 
instructed  to  prepare  plans  suitable  for  the  maximum  height  to 
which  a  dam  could  be  built  to  advantage  at  this  site.  Considerable 
delay  was  occasioned  by  the  necessity  for  constructing  a  wagon 
road  up  the  mountain  from  the  mouth  of  Strawberry  Fork,  and  it 
required  some  time  to  induce  the  county  supervisors  to  locate  and 
build  the  road  as  a  public  highway.  The  company  was  anxious  to 
have  the  road  built  directly  into  Hemet  Valley  by  a  route  free 
from  snowdrifts  and  on  a  maximum  grade  of  10  per  cent.,  but 
other  interests  were  strong  enough  to  locate  it  on  the  slopes  of  a 
canyon  intermediate  between  South  Fork  and  Strawberry,  where 
18  per  cent,  grades  were  used,  with  many  sharp  turns,  on  a  north 
slope  where  snow  sometimes  lies  late  in  spring.  This  location  is 
more  convenient  for  the  saw  mills  on  Strawberrv  and  North  Fork,. 
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but  it  compelled  the  construction  of  a  branch  road  5  miles  long 
into  Hemet,  over  a  summit  500  feet  higher  than  the  reservoir. 
This  road  was  finished  in  1889,  and  in  the  summer  of  1890  the 
plant  for  erection  of  the  dam  was  assembled  and  excavation 
begun.  The  stripping"  of  the  foundations  occupied  several  months, 
with  the  aid  of  a  cablevvay  for  conveying  and  dumping  the  waste 
below  the  dam-site,  and  a  considerable  part  of  this  time  was  re- 
quired to  excavate  a  deep  "pot-hole"  developed  directly  under  the 
base  of  the  dam,  and  within  the  exterior  limits  of  the  foundation. 
This  hole  was  filled  with  bowlders  and  gravel  tightly  rammed  in 
place,  and  might  have  been  built  over  with  perfect  safety,  but,  as 
its  depth  was  unknown  at  the  outset,  it  was  thoroughly  cleaned 
out,  although  it  required  500  yards  of  masonry  to  refill  it. 


Fig.  2. 


As  a  key  or  anchorage  to  receive  the  masonry  of  the  dam,  a 
center  trench  of  irregular  depth  and  width  was  cut  in  the  rock  on 
each  side  from  bottom  to  top.  While  the  work  was  progressing, 
the  company's  teams  were  busily  engaged  hauling  up  cement. 
The  distance  by  the  road  from  Hemet  Station,  on  the  Southern 
California  Branch  Railway,  is  23  miles,  and  the  total  ascent  to 
the  summit  is  2300  feet.  The  teams  leaving  the  station  every 
morning  would  go  half-way  up  the  mountain  and  be  met  there  by 
teams  leaving  the  dam  at  the  same  time,  each  team  returning  at 
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night  to  its  starting  point.  The  wagons  were  usually  loaded  with 
cordwood  or  lumber  on  the  return  trip.  Owning  their  own  teams 
and  raising  their  own  hay  or  grain,  the  company  in  this  way 
reduced  the  cost  of  transportation  of  the  cement  to  something  less 
than  $1  per  barrel. 

The  erection  of  a  sawmill  to  cut  lumber  for  the  boarding 
houses,  stables,  cement  houses,  shops,  flumes,  staging,  and  various 
other  structures  was  the  first  essential  in  the  erection  of  the  plant, 
and  the  logs  for  this  purpose  were  supplied  by  the  necessary  clear- 
ing of  the  reservoir  basin.  About  1,500,000  feet  B.  M.  of  lumber 
was  cut  in  all,  of  which  about  two-thirds  was  consumed  about  the 
dam.  This  lumber  cost  $6  to  $7  per  1000  feet.  The  tree-tops 
were  cut  up  into  cordwood. 


PROFILK  OF  .MASONRY  DAM 

(Looking  Down  Stream) 

— 150-'- 


SJ 


Fig.  3. 
The  actual  erection  of  the  dam  began  January  6,  1891,  when 
the  first  stone  was  laid,  and  the  work  proceeded  thenceforward 
without  interruption  until  January  24,  1892,  when  severe  weather 
and  floods  compelled  a  suspension  of  construction  at  the  45-foot 
contour,  and  four  months  elapsed  before  it  could  be  resumed, 
when  it  was  continued  again  without  cessation  until  January  9, 
1893,  when  the  workmen  were  again  driven  ofif  by  a  storm  that 
filled  the  reservoir  so  rapidly  that  many  of  the  buildings  and  tools 
were  submerged,  and  the  water  ran  over  the  top  of  the  dam  in  a 
sheet  several  feet  deep  for  a  short  time.     By  this  time  the  dam  had 


THE  CONSTRUCTION  OF  THE  HEMET  DAM. 


87 


reached  the  107-foot  level,  at  which  the  work  remained  until  the 
fall  of  1895,  when  construction  was  resumed  and  carried  on  to  the 
present  height  of  122^  feet  above  the  creek  bed,  or  135I  feet  above 
the  lowest  foundations;  and,  on  the  9th  of  October  (the  top  of 
the  wall  having  been  finished  off  level,  with  the  exception  of  50 
feet  in  the  center,  which  was  left  one  foot  lower  than  the  remainder 
as  an  overflow  channel),  the  machinery  was  all  removed  and  the 
work  was  considered  practically  finished,  for  some  years  to  come 
at  least,  although  it  has  been  projected  to  go  to  the  ultimate 
hei"ht  of  160  feet  above  the  stream  bed. 


C:i(e  mill  Air  Viil 


Oct.  9tli  1895 


Jan.  9th  1893 


+  50 
Jan.  34tli  1893 


30  Eiig.  Srale 

M  .Metric  Scale 

section  of  masonry  dam 

Fig.  4. 
The  dam,  Figs.  2,  3,  and  4,  is  100  feet  thick  at  base,  and  has 
a  batter  of  i  in  10  on  the  water  face,  and  5  in  10  on  the  lower 
side.  Its  present  crest  is  260  feet  long,  while  the  length  at  bottom 
is  but  40  feet.  It  was  carried  up  with  full  profile  to  the  height  of 
no  feet  above  base,  at  which   height  it  is  30  feet  in  thickness. 
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Here  an  offset  of  i8  feet  was  made,  and  the  wall  reduced  to  12  feet 
thickness.     At  the  top  it  is  finished  to  a  thickness  of  10  feet. 

The  top  of  the  dam  is  now  level  with  the  lowest  notch  of  a 
gap  in  the  ridge  to  the  south,  which  has  been  filled  with  a  short 
embankment  of  earth  6  feet  in  height.  Any  increase  in  height 
of  the  dam  will  necessitate  the  construction  of  an  earthen  barrier 
of  sufficient  height  to  close  this  gap.  At  the  150-foot  level  the 
v/aste  water  could  be  spilled  over  a  broad,  bed-rock  sill  between 
the  dam  and  the  gap  referred  to. 

The  dam  is  arched  up  stream  with  a  radius  of  225.4  feet  at  the 
upper  face  on  150  feet  contour,  and  is  built  of  uncoursed,  rough 
granite  rubble,  laid  in  Portland  cement  concrete  throughout  the 
body  of  the  work,  the  faces  for  3  or  4  feet  in  thickness  being 
laid  in  cement  mortar,  with'  large  stones  specially  selected  for  true 
faces  and  beds.  None  of  the  stones  were  cut,  although  the  facing 
stones  were  roughly  scabbled.  Before  leaving  the  quarry  all  the 
stones  were  washed  clean  with  jets  of  water  from  rubber  hose 
under  considerable  pressure.  This  washing  was  usually  done 
after  the  stones  were  chained  and  before  they  were  hoisted  above 
reach. 

The  total  cubic  contents  of  the  dam  are  31,105  cubic  yards, 
requiring  approximately  20,000  barrels  of  cement,  which  cost 
about  $5  per  barrel  delivered  on  the  ground. 

The  stone  was  all  quarried  within  400  feet  of  the  dam,  on 
both  sides  of  the  canyon  both  above  and  below%  and  was  hoisted 
and  conveyed  to  the  wall  by  two  cableways,  each  cable  being 
about  800  feet  long  and  i-|  inches  in  diameter.  These  were  placed 
up  and  down  the  stream,  crossing  the  dam  nearly  at  right  angles 
with  the  long  chord  of  the  arch,  but  diverging  from  each  other 
and  anchored  to  convenient  trees  on  each  side  of  the  gorge  below. 
At  the  upper  end  both  cables  were  attached  to  points  on  the  right 
bank.  Their  position  was  seldom  changed,  except  to  lift  them 
higher  up  into  the  tree-tops  and  to  erect  "A"  frames  on  top  of  the 
masonry  to  support  them  when  the  wall  had  reached  such  a  height 
as  to  require  it.  Loads  of  10  tons  could  be  hoisted  and  handled 
with  ease,  and  such  a  load  could  be  hoisted  150  feet  vertically  and 
conveyed  200  to  300  feet  horizontally  in  from  40  to  60  seconds. 
Two  derricks,  one  at  each  end,  w^ere  placed  on  top  of  the  dam 
in  such  position  as  to  receive  the  loads  directly  from  the  cable 
and  swing  them  into  position  at  any  part  of  the  wall  desired. 
These  derricks  were  operated  with  water  power  obtained  from  a 
3-foot  Pelton  wheel,  propelled  under  a  head  of  75  feet  by  about 
80  miners'  inches  of  water  brought  from  the  stream  in  a  flume  i^ 
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miles  long'.  This  flume  passed  under  the  concrete  mixer,  where 
the  penstock  was  located,  whence  a  13-inch  pipe  carried  the  water 
to  the  wheel  placed  below  the  dam.  This  pipe  was  afterward 
imbedded  in  the  masonry  of  the  dam  at  about  the  20-foot  contour, 
and  it  is  so  arranged  that  it  can  be  used  as  the  lowest  outlet  from 
the  reservoir. 

The  carriages  traveling  on  the  cable,  and  the  devices  for  sus- 
taining the  hoisting  fall  as  the  load  moved  back  and  forth,  were 
designed  by  the  author  and  a  very  ingenious  and  capable  superin- 
tendent of  the  work,  Mr.  E.  L.  Mayberry,  himself  a  large  stock- 
holder in  the  company  and  a  contractor  and  builder  of  varied  and 
extensive  experience. 

The  sand  used  was  clean  and  sharp,  and  was  accumulated  con- 
stantly, as  it  was  rolled  along  the  bottom  of  the  flowing  stream,  by 
a  temporary  log-dam  reservoir,  whence  it  was  periodically  dis- 
charged into  a  sandbox  below  by  opening  sluice  gates.  From  the 
sandbox  it  was  conveyed  to  the  mixing  platform  by  an  endless 
wire  rope  carried  with  triangular  buckets  of  sheet-iron,  holding 
about  a  quart  each,  and  placed  at  intervals  of  20  feet  along  the 
double  wire  rope,  which  passed  over  drums  in  the  sandbox  below 
and  on  the  platform  above.  The  wire  ropes  were  about  12  inches 
apart.  The  hoist  was  about  125  feet,  and  the  horizontal  distance 
over  which  it  was  conveyed  was  350  to  400  feet.  This  device  was 
operated  by  the  same  engine  which  propelled  the  rock  crusher  and 
concrete  mixer.  It  was  almost  automatic  in  its  operation  and  gave 
very  little  trouble,  delivering  the  sand  thoroughly  washed  in  the 
quantity  desired,  and  emptying"  it  into  bins,  where  the  exact  charge 
for  a  mixing  was  accurately  gauged. 

The  concrete  used  to  embed  the  blocks  of  stone  was  mixed  in 
the  proportion  of  one  of  cement,  three  of  sand,  and  six  of  broken 
stone,  crushed  to  pass  through  a  2^-inch  ring. 

The  stones  were  placed  not  less  than  6  inches  apart,  and  the 
spaces  between  them  filled  with  smaller  stone,  all  well  rammed 
into  place  with  iron  rammers.  A  bedding  of  concrete,  3  inches 
or  more  in  thickness,  was  made  for  each  of  the  large  stones,  and 
this  was  carefully  rammed  under  the  edges  all  around  before  other 
stones  were  placed  against  it.  This  use  of  cement  enabled  un- 
skilled laborers  to  perform  much  of  the  work,  and  stone  masons 
were  employed  only  on  the  facings.  The  latter  were  paid  $3  to 
$3.50  per  day.     Laborers  received  $1.75  per  day. 

The  mixing  of  both  mortar  and  concrete  was  done  by 
machinery,  which  is  undoubtedly  superior  to  hand  mixing  in  the 
quality  of  the  output.     The  grinding  and  pounding  of  the  particles 
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of  aggregates  together  in  the  revolving  mixing  machine  appears 
to  result  in  the  more  complete  coating  of  the  sand  and  rock  with 
cement  than  is  possible  to  secure  by  hand  mixing,  however  care- 
fully the  latter  may  be  performed.  That  this  intimate  mechanical 
action  is  of  positive  value  in  increasing  the  strength  of  cement  or 
concrete  is  apparently  demonstrated  ])y  the  remarkable  tests 
obtained  from  the  new  "silica  cement,"  now  being  introduced 
throughout  Europe  and  the  Eastern  states,  which  consists  merely 
of  sand  and  cement  ground  together. 

The  mixing  platform  was  located  on  the  right  bank,  about 
300  feet  above  the  dam,  which  was  as  near  as  it  was  possible  to 
find  the  necessary  room  at  the  most  convenient  level,  which  was 
at  the  80-foot  contour.  P^rom  this  point  a  trestle  was  built  along 
the  face  of  the  cliff  to  the  dam,  and  on  this  a  double  track  was 
placed,  over  which  iron  cars,  pushed  by  hand,  conveyed  the  con- 
crete and  mortar  to  the  line  of  the  dam.  The  cars  were  dumped 
into  chutes  which  conveyed  the  material  to  the  level  of  the  work, 
whence  it  was  shoveled  again  into  wheelbarrows  and  delivered 
where  required.  When  the  dam  had  reached  the  level  of  the  top 
of  the  trestle,  an  elevator  was  built  at  the  mixer  and  another  track 
was  carried  out  on  top  of  the  cliff,  at  about  the  level  at  which  the 
work  was  completed. 

Information  as  to  the  cost  of  the  masonry  or  of  any  other 
portion  of  the  work  is  withheld  by  the  company,  for  reasons  affect- 
ing its  dealings  with  the  County  Assessor  on  the  one  hand  and  with 
the  Board  of  Supervisors,  having  power  to  fix  water  rates,  on  the 
other.  Under  favorable  conditions,  some  of  the  masonr\-  was  put 
in  for  as  low  as  $4  per  cubic  yard. 

The  outlets  of  the  dam,  Fig.  5,  consist  of  two  22-inch  lap- 
welded  iron  pipes,  11-32  incli  thick,  placed  at  the  45  and  75-foot 
levels,  respectively,  in  lengths  of  20  feet,  fastened  together  with 
flanged  and  bolted  joints.  At  the  up-stream  ends  of  the  pipes  are 
cast-iron  elbows  turning  upward  and  flaring  outward  to  30  inches 
diameter,  and  closed  by  hemispherical  valves  or  covers,  each 
manipulated  by  a  wire  rope  passing  over  a  pulley  and  windlass  on 
a  frame  secured  to  iron  "T"  rails  embedded  in  the  masonry  at  the 
top  of  the  dam.  These  covers  are  ordinarily  removed,  and  re- 
placed by  cylindrical  fish-screens,  3  feet  diameter,  12  feet  high, 
standing  vertically  on  the  valve  seat  of  the  pipe  from  which  water 
is  being  drawn.  The  main  control  is  had  by  gate  valves  set  at 
the  lower  line  of  the  dam,  from  which  the  water  falls  freely  to  the 
rocks  below  in  a  fine  spray,  collecting  in  a  pool  a  short  distance 
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Fig.  6. 
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from  the  dam,  and  passing  over  a  weir  for  measurement  before 
beginning  the  pkmge  down  the  canyon. 

Considerable  leakage  occurred  through  the  masonry  prior  to 
the  fall  of  1894,  when  the  water  was  drawn  down  and  the  entire 
face  of  the  .wall  was  carefully  repointed.  This  resulted  in 
materially  lessening  the  leaks,  so  that  they  now  are  reduced  to  a 
mere  sweating  in  patches  here  and  there  over  the  lower  face,  and 
the  total  leakage  in  the  spring  of  1897,  with  gauge  at  10 1.5  feet, 
measured  but  1200  cubic  feet  per  day. 

The  profile  of  the  dam.  Fig.  6,  is  of  the  gravity  type,  in  which 
the  line  of  pressure,  with  full  reservoir,  falls  just  outside  the  inner 
third  of  the  base  at  all  points.  The  writer  has  always  favored  the 
arched  form  for  all  masonry  dams  as  a  measure  of  stability  or  as  a 
factor  of  safety  against  all  possible  contingencies,  even  though 
their  gravity  be  sufificient  to  render  them  entirely  stable  to  resist 
maximum  water  pressure.  In  this  connection  it  will  be  of  interest 
to  quote  the  arguments  in  favor  of  curved  reservoir  walls  advanced 
by  Professor  Forchheimer,  of  Aix-la-Chapelle,  Germany,  in  dis- 
cussing a  series  of  papers  on  "Impounding  Reservoirs,"  recently 
read  before  the  Institution  of  Civil  Engineers.*  Referring  to  a 
masonry  dam  eighty-two  feet  high,  plastered  and  rendered  over 
with  two  coats  of  asphalt,  built  by  Professor  Intze  in  Remscheid, 
Westphalia,  he  says: 

A  backwards-and-forwards  movement,  amounting  to  i  1-16  inches, 
occurred  during  the  filling  and  emptying  of  the  reservoir,  and  the  move- 
ment due  to  temperature  was  almost  as  great  as  this.  The  latter  was  due 
less  to  the  temperature  of  the  air  than  to  direct  solar  radiation.  The  crest 
of  this  dam  was  460  feet  long,  and  was  arched  with  a  radius  of  420  feet. 
One  side  was  exposed  to  the  sun  longer  than  the  other,  and  the  more  ex- 
posed part  moved  to  and  fro  %  inch  in  the  course  of  the  year,  while  the 
other  part  moved  only  %  inch,  the  crest  expanding  1-9000  of  its  length, 
or  5/s  inch.  In  arched  dams  such  movements  do  no  harm;  but  in  straight 
dams  these  phenomena  are  objectionable.  As  dams  are  usually  built 
during  the  warmer  seasons  of  the  year,  the  masonry  has  a  tendency  to 
contract  in  the  colder  weather.  In  a  curved  dam  this  can  take  place  by 
movement  of  the  structure  without   cracking,   but  not  in  a   straight  dam. 

*  *  *  If  the  temperature  was  lowered  10°  Cent.  (18°  Fahr.),  and  it  was 
not  free  to  contract,  lesion  amounting  to  between  140  and  280  pounds  per 
square  inch   was   set   up,   which   is   greater  than   the   mortar   would   stand. 

*  *  *  That  a  straight  or  almost  straight  wall  incurred  considerable  dan- 
ger of  fracture  is  shown  by  practical  experience.  The  dams  of  Habra, 
Grands-Cheurfas,  and  Sig,  in  Algiers,  had  broken,  and  in  that  of  Hamiz  a 
tear  had  occurred  during  the  first  filling.  The  Habra  dam  broke  in  Decem- 
ber and  the  Grands-Cheurfas  and  Sig  dams  gave  way  in  the  month  of 
February.      The  Beetaloo  dam   in   Australia  had  also   developed  a  crack 

*Proceedings  Inst.  C.  E.,  vol.  cxv,  p.  156. 
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%  inch  wide  in  the  middle  of  winter  without  any  apparent  cause.  The 
Mouche  dam,  Haute  Marne,  a  structure  1346  feet  long  and  about  100 
feet  high,  exhibited  clearly  the  dangers  attending  straight  dams.  In  the 
winter  of  1890-91,  when  the  temperature  varied  between  10°  and  20°  Cent. 
(50°  to  68°  Fahr.),  and  the  water  surface  was  10  feet  8  inches  below  the 
normal  level,  seven  vertical  cracks  appeared  in  the  dam,  situated  at  uniform 
distances  of  about  160  feet  apart.  They  were  widest  at  the  top,  and  died  out 
about  37  feet  below  the  normal  water  level.  Their  aggregate  breadth  was 
2j4,  inches.  The  cracks  gradually  closed  as  the  temperature  rose,  and  by 
the  end  of  February,  1891,  four  of  them  had  comnletely  vanished,  whilst 
the  others  had  perceptibly  contracted. 

P"or  the  information  of  the  profession,  the  writer  will  add  that 
there  are  no  visible  cracks  whatever  in  the  Hemet  dam,  nor,  indeed, 
in  any  other  curved  masonry  dam  which  he  has  ever  visited. 

THE    RESERVOIR. 

The  capacity  of  the  reservoir,  as  it  is  completed  at  present,  is 
10,500  acre-feet  (3,430,000,000  gallons).  By  carrying  the  dam  to 
the  150-foot  contour  this  capacity  could  be  increased  to  nearly 
two  and  a  half  times,  while  the  160-foot  level  would  give  a  ca- 
pacity of  nearly  35,000  acre-feet.  The  following  is  a  table  of 
capacity  at  different  levels: 


Capacity  of 

Height  above 

Surface  area, 

reservoir. 

base  of  dam. 

acres. 

acre-feet.         Remarks. 

40 

2 

.     33 

45 

2.3 

73 

Lowest  outlet  at  45  ft. 

50 

3 

113 

60 

29 

332 

70 

62 

773 

80 

103 

1,603 

90 

133 

2,787 

100 

187 

4,391 

no 

252 

6,598 

120 

328 

9,512 

122.5 

365 

10,500 

Top  of  dam. 

130 

486 

13,590 

140 

601 

19,077 

150 

738 

25,836 

THE    CONDUIT, 

As  before  stated,  water  released  from  the  dam  flows  down  the 
bed  of  the  South  Fork  canyon,  Fig.  i,  9  miles  to  the  pick-up  weir 
just  above  the  mouth  of  Strawberry  Fork,  where  it  is  diverted 
into  a  flume.  This  weir  is  a  low  timber  structure  of  no  special  im- 
portance. Great  difficulty  was  experienced,  before  the  building  of 
the  dam  and  for  a  year  or  so  after,  in  disposing  of  the  sand  flow 
down    the    canyon,    and    an    ingenious    mechanical    device    was 
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arranged  by  Mr.  Mayberry  for  automatically  settling  and  hoisting 
out  the  sand  from  the  settling  tank  by  the  power  of  the  flowing 
water  passmg  over  an  overshot  wheel  at  a  sandhouse  a  little  way 
below  the  dam.  This  has  all  become  obsolete  now,  however,  as 
the  stream  has  been  comparatively  free  from  sand  since  the  build- 
ing of  the  dam,  which  evidently  came  chiefly  from  Hemet  valley. 
From  this  it  may  be  argued  that  the  reservoir  is  destined-to  become 
rapidly  filled  with  sedimentary  deposit.  The  progress  of  this  fill- 
ing is  as  yet,  however,  imperceptible,  and,  as  the  reservoir  is 
capable  of  impounding  the  normal  annual  run-off,  the  ratio  of 
sand  flow  to  water  is  too  small  to  make  alarming  inroads  upon  the 
reservoir  capacity. 

The  main  conduit,  below  the  pick-up  weir  just  mentioned,  is 
3.24  miles  in  length  to  the  mouth  of  the  canyon,  where  it  connects 
with  a  22-inch  pipe  2  miles  long,  which,  in  turn,  discharges  into 
an  open  ditch  5  miles  in  length,  lined  with  masonry  and  plas- 
tered with  cement,  which  delivers  water  to  a  distributing  reservoir 
at  the  highest  corner  of  the  irrigated  tract.  The  flume  in  the 
canyon  is  38  inches  wide  inside  by  18  inches  deep,  and  has  an 
average  grade  of  about  140  feet  per  mile.  The  longitudinal  joints 
of  the  bottom  boards  are  battened  underneath  and  calked  inside 
with  oakum,  and  triangular  strips  are  nailed  in  the  corners.  The 
interior  of  the  flume  is  coated  with  asphalt  and  the  outside  with 
lime  whitewash,  which  is  an  excellent  preservative  of  wood  and 
adds  greatly  to  the  appearance  of  such  a  structure.  The  lining 
lumber  is  i|  inches  in  thickness.  A  portion  of  the  flume  is  built 
of  redwood  and  the  remainder  of  mountain  pine  cut  from  the  reser- 
voir basin,  which,  though  knotted  and  inclined  to  warp,  has  never- 
theless made  a  remarkably  tight  and  serviceable  flume.  One  of 
the  peculiarities  of  this  structure  is  that  after  completion  the 
lumber  appeared  to  expand  lengthwise  when  wet,  so  much  as  to 
amount  to  about  one  foot  in  the  first  mile,  so  that  the  posts  of  the 
low  trestles  sujiporting  it  were  thrown  ofT  their  feet,  and  it  became 
necessary  to  put  in  "expansion  joints." 

The  main  ditch  leading  to  the  distributing  reservoir  is  lined 
with  granite  cobbles  from  the  river  bed,  of  about  10  inches  maxi- 
mum diameter,  laid  in  lime  and  cement  mortar  in  equal  parts,  and 
plastered  with  Portland  cement  and  sand.  The  ditch  is  2.75  feet 
wide  on  bottom,  7  feet  at  top,  2.75  feet  deep,  and  has  a  capacity  of 
60  second-feet.  A  portion  of  it  was  rendered  over  with  asphalt 
which  was  unskillfully  applied,  and.  though  serviceable  for  some 
years,  has  been  removed  and  replaced  with  cement  plaster.  Ditch 
linings  of  asphalt  require  to  be  homogeneous  to  be   successful. 
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apparently,  as  it  refuses  to  adhere  to  masonry  where  there  is  any 
moisture  in  the  latter. 

THE    DISTRIBUTING    SYSTEM 

through  the  tract  consists  of  smaller  cemented  ditches,  flumes, 
and  pipes,  of  which  there  are  30  miles  altogether,  covering  the 
entire  area.  The  slope  of  the  land  is  about  40  feet  per  mile  from 
east  to  west,  which  facilitates  the  distribution  of  water  in  conduits 
of  small  size. 

THE    DISTRIBUTING    RESERVOIR. 

The  dam  of  the  distributing  reservoir  is  of  earth,  300  feet 
long,  14  feet  high,  ^  feet  wide  on  top.  In  construction,  a  trench 
10  feet  wide,  9  feet  deep,  was  excavated  under  the  center  line,  and 
in  the  middle  of  this  trench  a  tight  board  fence  was  built,  with 
boards  placed  horizontally,  from  near  the  bottom  of  the  trench  to 
the  top  of  the  dam,  to  prevent  the  burrowing  of  ground  squirrels 
and  gophers,  a  function  which  it  effectually  performs.  The  trench 
was  refilled  with  puddled  earth  on  each  side  of  the  fence,  and  the 
puddle  was  also  brought  up  to  the  top  of  the  embankment.  The 
reservoir  covers  about  20  acres  in  area,  and  has  a  capacity  of  about 
90  acre-feet;  and  from  it  is  distributed  the  supply  to  the  lateral 
ditches  and  flumes  covering  the  tract  irrigated.  The  domestic 
supply  pipe  to  the  town  of  Hemet  is  also  arranged  to  discharge 
any  surplus  water  into  the  reservoir,  as  well  as  to  draw  from  the 
reservoir  in  case  of  necessity. 

THE    LANDS    IRRIGATED. 

The  area  actually  irrigated  from  this  system  was  1092  acres 
in  1896,  and  it  is  increasing  year  by  year.  The  planting  is  chiefly 
in  deciduous  fruits,  and  is  divided  into  72  tracts,  of  which  the  usual 
size  is  from  10  to  20  acres.  The  rates  charged  for  water  are  $2 
per  acre  per  annum,  with  an  additional  charge  for  domestic  supply 
of  $1  per  month  for  each  service  or  tract  during  the  non-irrigating 
season,  which  is  stipulated  in  the  water-right  contracts  to  be  from 
November  10  to  April  10.  In  the  town  of  Hemet  there  are  55 
taps  paying  a  uniform  rate  of  $1.50  each  per  month. 

The  apportionment  of  water  by  the  water-right  coniji^^fi^ 
given  with  the  deeds  to  the  land  is  at  the  rate  of  "one^iimers 
inch  of  perpetual  flow  from  April  15  to  November  15  of  each 
year  for  each  acre,  which  is  equivalent  to  39.312  cubic  feet  or  0.9 
acre-feet.  The  rate  of  $2  per  acre  would  therefore  be  equal  to 
a  charge  of  5  cents  per  1000  cubic  feet,  or  j  cent  per  1000  gal- 
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Ions.  Xo  attempt  being  now  made  to  restrict  the  consumer  to 
this  precise  quantity,  it  is  as  yet  uncertain  as  to  whether  this 
quantity  could  be  made  to  suffice  for  the  thorough  irrigation  of 
the  crops  which  wiU  there  be  planted.  The  quantity  used  dur- 
ing 1896,  as  measured  over  the  weir  at  the  base  of  the  dam,  was 
111,600,000  cubic  feet,  an  average  of  102,000  cubic  feet  per 
acre  irrigated,  or  a  mean  of  2.34  feet  (28  inches)  in  depth  over 
the  entire  surface.  The  computation  does  not  take  into  -consid- 
eration the  possible  loss  by  leakage  and  evaporation  in  the  con- 
duits and  the  distributing  reservoir,  nor  the  possible  loss  or  gain 
in  the  flow  down  the  9  miles  of  canyon  below  the  dam.  The 
measuring  weir  at  the  dam  is  also  imperfect,  and  the  velocity  of 
approach,  which  was  unknown  and  neglected  in  the  computa- 
tion, would  rather  tend  to  increase  the  total  volume  stated,  or  off- 
set the  losses  mentioned.  The  figures  given  indicate  in  a  general 
way,  however,  that  unless  the  irrigators  are  wasting  water  extrava- 
gantly while  free  to  use  what  they  like,  the  apportionment  to  which 
they  are  legally  entitled  under  their  water-right  contracts  is  inade- 
quate. The  reservoir,  when  filled  annually,  may  be  regarded  as 
capable  of  irrigating,  or  furnishing  water  for  irrigating,  about  one 
acre  of  land  for  every  2  acre-feet  of  reservoir  capacity,  and  there- 
fore, as  the  present  capacity  of  the  .reservoir  is  10,500  acre-feet,  it 
will  supply  5250  acres  with  abundant  water. 

The  freshets  of  winter,  and  the  run-of?  from  melting  snow  in 
the  spring,  are  counted  on  quite  certainly  to  fill  the  reservoir  before 
the  irrigation  season  begins,  and  ordinarily  the  summer  showers 
add  material  reinforcement  to  the  supply. 

The  normal  summer  flow  of  the  stream,  which  is  ordinarily 
about  4  second-feet,  is  considered  as  more  than  adequate  to  off- 
set the  loss  by  evaporation  on  the  surface  of  the  lake  for  the  entire 
year,  and  therefore,  taking  one  year  with  another,  the  supply 
available  may  be  considered  sufficient  for  the  entire  tract  of  7000- 
acres.  Further  experience,  both  with  the  catchment  from  the 
watershed  and  with  the  duty  of  water  in  irrigation,  is  necessary, 
however,  before  definite  estimates  of  this  sort  can  be  made  with 
safety. 

The  soil  of  the  tract  is  a  fine,  mellow,  sandy  loam,  of  great 
depth  and  fertility,  seemingly  unchanged  in  character  as  far  down 
as  100  feet;  and  when  the  water  table  of  this  region  shall  have  been 
raised  to  within  10  or  15  feet  of  the  surface,  after  years  of  con- 
tinuous irrigation,  the  duty  of  water  upon  the  land  will  doubtless 
be  greatlv  increased. 
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DISCUSSION. 

Mr.  (tRUNSKV. — This  dam  is  somewhat  similar  to  the  dam 
constructed  by  two  irrigation  districts  at  La  Grange,  on  the 
Tuohmme  river.  The  latter  has  a  total  height,  as  I  recollect,  of 
128  feet.  It  is  rather  remarkable  in  this,  that  the  water  flows  over 
the  top  of  the  dam.  It  is  really  a  large  diverting  weir.  The  water 
drops  from  high-water  level  about  100  feet  to  low-water  level. 
The  amount  of  masonry  in  this  structure  is  39,000  cubic  yards, 
which  is  a  little  in  excess  of  the  amount  in  the  Hemet  dam. 

These  dams,  of  unusual  dimensions  and  unusual  character, 
are  becoming  more  numerous  from  year  to  year  in  California,  and 
this  state  is  taking  the  lead  to  a  large  extent  in  the  matter  of  the 
construction  of  peculiar  types  of  dams,  as  is  quite  well  known  to 
all  the  members  of  the  society. 

There  is  one  feature  dwelt  upon  by  Mr.  Schuyler  that  indi- 
cates in  what  way  a  water  supply  system  for  irrigation  can  be 
made  profitable.  It  is  the  combination  ownership  of  land  and 
water.  When  parties  not  interested  in  the  sale  and  distribution 
of  the  water  own  the  lands  to  be  irrigated,  the  demand  for  water 
grows  slowly.  To  illustrate  how  a  combination  ownership  of  land 
and  water  may  be  a  tinancial  success,  an  example  from  Kings 
river  may  be  cited.  About  1882  the  promoters  of  an  irrigation 
enterprise,  known  as  the  "76"  canal,  commenced  operations  by 
securing  water  rights,  and  at  the  same  time  purchasing  about 
40,000  acres  of  land  scattered  through  the  district  commanded  by 
the  proposed  canal.  The  price  paid  for  the  land  ranged  from  $5 
to  $10  an  acre. 

They  then  expended  about  $200,000  in  constructing  their 
works.  The  main  canal  was  made  100  feet  wide  on  the  bottom 
and  about  8  feet  deep.  They  sold  the  land  at  a  price  sufficiently 
high  to  cover  the  cost  of  canal  construction  and  leave  a  handsome 
margin  besides.  Their  operations  were  so  successful  that  their 
properties,  which  had  by  1886  cost  them  about  $300,000  in  the 
aggregate,  were  then  estimated  to  be  worth  $800,000. 

It  is  a  fact  too  often  overlooked  that  where  irrigation  ditches 
are  constructed  simply  for  the  sale  of  water  the  people  are  very 
slow  to  take  the  water,  and  the  revenue  from  its  sale  increases 
slowly.  It  is  rare  to  find  an  irrigation  work  not  combined  with 
land  sales,  which  has  been  profitable  from  the  outset. 

Mr.  Wagoner. — I  would  like  to  have  Mr.  Grunsky  explain 
more  in  detail  the  arrangement  for  taking  the  water  out  of  the 
river,  especially  as  to  the  head  works. 

Mr.  Grunsky. — The  Kings  river  is  a  peculiar  stream.      It 
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leaves  the  foothills  over  a  very  broad  bed  of  coarse  cobbles,  some 
large  enough  to  be  called  bowlders.  On  account  of  bars  in  the 
river  at  various  stages  there  are  subsiduary  channels,  and  the  water 
is  very  easily  turned  from  one  into  the  other.  By  a  temporary 
barrier  a  larger  flow  of  water  may  be  diverted  into  one  of  these 
channels,  from  which  a  diversion  is  easily  accomplished.  In  this 
particular  case  the  southernmost  channel  of  the  river  was  se- 
lected. At  its  head  the  cobbles  were  thrown  olit  until  the  chan- 
nel was  sufficiently  enlarged  to  cause  a  large  portion  of  Kings 
river  to  flow  in  it.  Wherever  an  obstruction  was  met  with  that 
would  deflect  the  water  from  the  southernmost  channel,  the  one 
leading  the  water  off  was  closed,  so  as  to  hold  the  southern- 
most channel  full  of  water.  From  this  channel  a  cut  about  9 
feet  deep  is  made  into  the  south  side  bench  land,  and  in  this  cut 
the  head-gate  is  placed.  It  is  100  feet  from  bank  to  bank.  The 
head-gate  or  regulator  serves  as  a  bridge,  weighted  on  top,  and 
is  divided  into  20  openings.  The  openings  are  between  posts, 
and  gates  move  vertically  between  these  posts.  In  four  of  these 
gates  there  are  revolving  shutters,  something  like  a  butterfly  valve. 
Its  width  up  and  down  stream  is  30  feet.  The  bridge  is  just  wide 
enough  for  convenient  travel. 

Mr.  Wagoner. — What  kind  of  lumber  was  used? 

Mr.  Grunsky. — Redwood  was  used  for  the  lower  part  of  the 
structure,  and  some  pine  was  vised  above.  The  simplest  types  of 
structures  are  used  to  divert  the  water  from  the  canal.  Very 
light  weirs  of  timber  are  placed  across  the  canal.  Generally  the 
weir  is  carried  into  the  banks  for  a  short  distance  and  then  bulk- 
heads built,  to  which  wings  are  connected.  The  space  between 
these  bulkheads  is  floored,  sheeting  being  used  on  the  upper  and 
lower  line  of  the  floor,  and  is  divided  into  about  4-foot  spaces 
by  means  of  inclined  posts.  These  posts  are  provided  with 
grooves,  and  inch  boards  slide  in  these  grooves.  The  weir  boards 
are  moved  by  hand,  and  can  be  removed  singly.  Water  flowing 
over  the  top  of  them  drops  upon  the  floor  of  the  structure  below. 
They  are  supported  by  inclined  shoring  from  below.  A  plank  is 
generally  laid  across  the  top  of  the  weir  posts  in  such  a  way  as 
to  give  convenient  access  to  any  part  of  the  structure.  This  serves 
as  a  footpath.  The  same  type  of  structure  answers  for  all  lateral 
canals  to  reduce  fall  and  to  aid  in  diverting  water. 

Mr,  Henny. — In  connection  with  this  enterprise,  Mr. 
Grunsky  has  referred  to  the  fact  that  the  promoters  first  bought 
the  land,  which  he  considers  to  some  extent  the  secret  of  financial 
success.     It  seems  to  me  that  there  niav  have  been  still  another 
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reason  for  the  financial  success  of  the  Kern  County  enterprise,  and 
that  is  in  the  fact  that  no  large  amount  of  money  was  necessary  to 
build  storage  works;  all  that  had  to  be  done  was  simply  to  divert 
the  water  from  the  river.  This  was  in  1882.  Presumably  at  that 
time  all  the  river  water  had  not  been  appropriated.  The  question 
may  be  asked  whether  it  has  become  necessary  for  the  company  in 
question,  in  case  they  did  take  water  that  had  been  appropriated, 
to  settle  with  the  people  who  had  a  prior  right  to  it.  Such  settle- 
ment, of  course,  would  involve  additional  expense.  It  appears  to 
me  that  in  prospective  irrigating  enterprises  the  element  of  time 
is  often  improperly  left  out  of  account.  The  cost  of  the  works  is 
figured,  and  the  annual  revenue  expected  from  the  territory 
covered;  but  usually  promoters  fail  to  allow  for  the  number  of 
years  that  must  pass  before  all  this  territory  is  settled,  a  factor 
which  I  think  has  much  to  do  with  the  financial  failure  of  many 
such  enterprises  in  this  state. 

Referring  to  the  expansion  of  timber,  I  finid  that  lengthwise 
swelling  of  the  wood,  as  shown  by  the  author,  is  not  confined  to 
redwood.  On  an  average,  redwood  does  not  swell  lengthwise 
much  more  than  other  woods.  The  amount  of  lengthwise  shrink- 
age is  very  uneven,  however,  varying  in  the  experiments  that  I 
have  made  from  0.07  to  0.39  per  cent.,  and  averaging  0.141  per 
cent. 

I  might  state  that  in  1887  I  was  planning  in  Arizona  a  flume 
that  was  to  be  constructed  of  mountain  pine,  which  I  presume  is 
identical  wath  the  pine  of  the  San  Jacinto  mountains;  and  I  was 
told  by  those  who  had  experience  in  the  longitudinal  shrinking  of 
that  luml)er  that  it  was  greater  than  in  any  other  timber  they  had 
seen.  We  made  some  experiments  by  sinking  a  plank  under 
water  and  leaving  it  for  a  month  and  then  letting  it  dry  out.  I  do 
not  remember  just  what  it  was,  but  it  was  about  two  and  a  half 
times  greater  than  the  amount  given  in  the  tables  for  longitudinal 
shrinkage.  That  wood  is  generally  softer  than  the  California 
species  and  more  liable  to  be  knotty;  in  fact,  it  is  dil^cult  to  get 
sound,  first-class  timber  from  it.  We  found  that  a  block  that  was 
thoroughly  waterlogged,  having  been  submerged  for  a  month, 
and  then  allowed  to  dry  for  2  days,  would  take  fire  from  a 
match  and  would  be  entirely  consumed. 

Mr.  Grunsky. — Mr.  Henny  suggests  that  in  irrigation  works 
there  may  be  a  good  deal  of  expense  in  buying  up  water  rights. 
I  will  state  that  nearly  all  the  canals  in  the  great  central  valley  of 
the  state  life  engaged  in  more  or  less  litigation.  It  is  very  difficult 
indeed  to  determine  just  what  the  rights  of  a  canal  owner  are. 
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The  law  prescril)cs  that  when  a  person  desires  to  take  a  water  right 
he  may  post  a  notice.  The  notice  is  generally  written  in  a  very 
indefinite  way,  and  very  often  refers  to  the  spot  where  the  notice  is 
posted,  without  designating"  where  that  spot  is;  and  when  a  man 
wants  to  take  300  inches  of  water  he  writes  30,000  inches,  so  as 
to  cover  enough  by  the  notice,  and  that  notice  is  then  filed  in  the 
oiifice  of  the  County  Recorder.  When  he  gets  ready  to  construct 
his  ditch,  although  he  may  have  described  in  his  notice  a  canal 
30  feet  wide,  he  is  not  ready  to  build  any  such  a  canal,  and  builds 
a  ditch  only  2  or  3  feet  wide  on  the  bottom.  He  uses  that  for 
perhaps  10  years  before  he  is  ready  to  enlarge.  There  is  no  rec- 
ord made  of  such  facts.  They  live  only  in  the  memory  of  the 
people  in  the  neighborhood,  unless  the  ditch  owner  gets  into  liti- 
gation and  the  matter  is  brought  up  in  court.  This  condition  of 
things  in  our  state  has  brought  on  almost  interminable  litigation 
as  to  water  rights,  entirely  aside  from  those  caused  by  the  riparian 
doctrine,  according  to  which  the  owner  of  the  land  upon  the  banks 
of  a  stream  is  supposed  to  have  a  right  to  have  the  water  flow  past 
his  land  undiminished  in  quantity  and  unimpaired  in  purity.  The 
law  needs  to  be  revised  in  regard  to  the  acquisition  of  water  rights. 
There  should  be  one  central  place  where  all  records  are  made. 
No  one  should  have  a  claim  to  water  until  he  actually  takes  it  and 
puts  it  to  beneficial  use.  The  notice  should  fix  the  time,  if  he 
complies  with  additional  requirements,  to  which  the  taking  of 
water  is  to  be  referred,  and  his  ditch  capacity  and  the  amount  of 
water  taken  should  be  determined  by  competent  state  authority  by 
actual  measurement  of  the  ditch  he  constructs.  There  should  be 
a  state  department  in  which  all  records  relating  to  water  appro- 
priation are  kept,  and  a  system  of  ditch  measurements  should  be 
instituted  so  that  records  would  be  concentrated  at  one  point,  and 
not  scattered  through  all  the  counties.  Individual  ditch  owners 
and  all  municipal  and  other  corporations  that  are  interested  in 
water  would  then  know  just  exactly  what  their  rights  are.  If  a 
good  permanent  department  of  this  character  could  be  instituted 
it  would  certainly  be  of  great  advantage  to  the  state. 

Professor  Soui.i-:. — The  old  method  of  the  Spaniards  and 
Mexicans  has  come  in  contact  with  the  method  of  riparian  owner- 
ship brought  over  from  England,  and  there  is  a  rivalry  of  those 
two  systems  in  our  state,  the  state  having  been  originally  settled 
by  the  Spaniards  and  subsequently  by  the  English.  I  have  had 
occasion  to  look  into  these  matters,  and  have  exchanged  views  on 
it,  and  I  do  not  think  that  we  exactly  know  where  we  are  04i  this 
question.  I  quite  agree  with  Mr.  Grunsky's  suggestions  for  im- 
provement. 
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Mr.  Henny. — Mr.  Grunsky's  plea  for  a  central  place  of 
record  cannot  be  too  strongly  endorsed,  but  I  think  he  has  only 
partly  stated  the  legal  troubles.  He  has  not  mentioned  the  ques- 
tion of  underground  water.  In  the  southern  part  of  the  state  there 
are  many  companies  dependent  upon  that  source  for  supply. 
The  law  provides  that  percolating  water  belongs  to  the  owner  of 
the  soil,  and  he  can  do  with  it  as  he  pleases,  and  anybody  who  is 
damaged  because  of  its  use  has  no  redress.  On  the  other  hand, 
the  law  speaks  of  "underground  well  defined  streams,"  which  are 
subject  to  riparian  ownership  and  appropriation,  the  same  as  sur- 
face streams.  These  terms  are  not  specific  enough.  It  is  some- 
times hard  to  tell  when  a  stream  is  well  defined.  The  State 
Engineer's  ofifice  could  be  of  considerable  service  in  the  way  of 
giving  advice  on  questions  of  this  kind,  and  such  advice  would 
have  due  weight  in  the  courts  and  would  establish  presumptive 
evidence. 
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THE  NEW  ROAD  LAW  OF  MONTANA. 


By  M.  S.  Parker,  Member  of  the  Montana  Society  of  Engineers. 


[Read  before  the  Society,  March  30,  1897.*] 

The  law  recently  cnactedf  making  county  surveyors  general 
superintendents  of  all  roads  in  their  respective  counties  is  a  step 
in  the  direction  of  progress,  and  I  sincerely  trust  that  the  sur- 
veyors throughout  the  state  will  make  an  effort  to  prove  the 
wisdom  of  this  progressive  measure.  They  will  be  annoyed  by 
the  existence  of  that  relic  of  antiquity,  the  present  road-tax  law. 
Rome,  however,  was  not  built  in  a  day,  and  the  perfection  of  road 
laws  is  not  to  be  accomplished  in  a  single  legislative  session.  We 
must  take  the  laws  as  we  find  them,  and  make  the  best  use  of  the 
opportunities  afiforded  thereby. 

One  of  the  worst  features  of  road  laws  is  that  they  permit  tax- 
payers to  pay  their  road-tax  in  labor  instead  of  in  money.  This 
law  was  inherited  by  the  United  States  from  England,  where  it 
was  introduced  in  the  eleventh  century, — a  relic  of  the  feudal  sys- 
tem brought  over  from  the  continent  of  Europe.  For  a  long  time 
this  system  was  continued  in  England,  and  during  all  the  time  it 
was  in  force  the  roads  were  in  very  much  the  same  condition  as 
they  are  now  in  the  United  States.  A  good  many  years  ago  the 
law  was  abolished,  and,  as  a  consequence,  few^  countries  can  to-day 
boast  of  better  roads  than  England.  The  United  States  is  lag- 
ging along  behind  the  mother  country,  though  we  claim  to  have 
progressed  more  rapidly  than  England  by  reason  of  our  freedom 
from  old-established  customs  that  retard  progress  there. 

This  custom  of  working  out  road-taxes,  which  has  long  been 
al)an(l()nc(l  in  England,  is  adhered  to  tenaciously  in  most  parts 
of  the  United  States,  and,  as  a  consequence,  our  roads  are  as  much 
behind  the  times  as  is  the  old  custom  referred  to.  h'armers  are 
frequently  censured  for  bad  work  done  upon  our  highways  by 
them.  The  fault  is  not  theirs,  but  of  the  system  under  which  they 
work,  and  that  system  would  produce  practically  the  same  results 
under  any  other  class  of  men.  The  road  supervisor  warns  out  the 
men,  and,  in  a  general  way,  tells  them  what  tools  to  bring.     The 
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men  come  or  not,  as  suits  their  convenience.  The  supervisor, 
however  experienced  he  may  be  in  road  building',  cannot  accom- 
phsh  much  witli  an  inexperienced  and  very  uncertain  crew  to  work 
with.  The  main  object  of  the  worker,  in  most  cases,  is  to  jS^et  in 
the  day  and  satisfy  the  tax.  The  road  overseer  or  a  contractor, 
with  a  well-organized  and  thoroughly  equipped  crew  under  him, 
is  able  to  accomplish  work  better  and  infinitely  cheaper  than  the 
disorganized  crews  called  out  at  times  to  work  out  road-taxes. 
Work  can  be  laid  out  for  such  organized  crews  by  the  engineer 
of  roads,  and  it  can  be  done  as  it  should  be,  from  the  beginning. 
Under  this  system,  in  course  of  years,  the  country  would  be  netted 
with  good  roads  instead  of  the  poor  roads  to  be  found  all  over  the 
United  vStates  as  a  result  of  the  old  feudal  law  that  has  remained 
on  the  statute  books  of  most  of  our  states  since  the  beginning  of 
our  country. 

The  road-tax  in  Montana  is  $3  per  capita  per  year  for  each 
able-bodied  man  over  21  and  under  45  years  of  age,  or  one  day's 
labor  on  the  public  roads  in  lieu  of  such  payment.  The  right  to 
pay  said  tax  either  in  labor  or  in  money  is  optional  with  the  tax- 
payer. Of  those  who  elect  to  work  out  the  tax,  and  so  inform  the 
county  assessor,  probably  not  one-half  ever  report  for  a  day's  work 
on  the  roads.  If  the  road-tax  were  reduced  one-half  and  made 
payable  in  cash  only,  the  result  on  the  roads  would  soon  be  realized 
and  appreciated  by  the  taxpayers  at  large.  First-class  roads  have 
never  been  built  anywhere  under  the  old  law,  and  there  is  no 
reason  to  expect  that  they  will  be  in  the  future. 

The  Legislature  of  Montana  has  recently  passed  a  \a.\\  placing 
the  roads  under  the  supervision  of  county  surveyors.  This  is  a 
step  toward  securing  good  roads;  but  the  Legislature  has  handi- 
capped the  work  by  a  road-tax  law  that  permits  the  working  out 
of  road-taxes.  Had  the  labor-option  clause  been  omitted,  and  had 
the  tax  been  made  $2  instead  of  $3  per  capita,  the  law  would  be  in 
accord  with  wisdom  and  connnon-sense,  the  outgrowth  of  universal 
experience.  The  greatest  obstacle  in  the  way  of  good  public  road 
building  is  this  law  permitting  the  working  out  of  road-taxes. 

WORKIXC,     ROAIVTAX     HANDS. 

This,  in  my  opinion,  is  the  first  and  only  problem.  The  ])lan 
that  will  be  adopted  in  Cascade  county  for  working  out  road-tax 
is  to  appoint  a  manager  in  each  township  where  necessary,  whose 
duties  will  be  to  supervise  the  work  of  those  who  elect  to  work 
out  their  road-tax.  (General  instructions  will  be  issued  to  these 
manasrers  as  to  how  roads  should  be  Iniilt,  and  thev  will  conform. 
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as  nearly  as  possible,  to  these  instniclioiis.  It  will  be  the  duty  of 
these  manag^ers  to  see  that  every  man  in  his  district  who  elects  to 
work  out  his  tax  does  so.  As  the  manager  cannot  work  with  less 
than  five  men,  except  under  certain  provisions,  he  wdll,  if  desirous 
of  working,  see  that  his  crew  of  five  is  co'mplete.  No  money  will 
be  spent  under  the  direction  of  such  a  manager  without  being 
ordered  by  the  county  surveyor.  The  .main  object  is  to  get  done 
the  work  that  is  due,  relying  on  the  manager  to  put  it  where  it 
will  do  the  most  good.  Farmers  working  near  their  homes  will 
do  something  for  their  own  roads.  They  cannot  be  taken  far 
from  home  to  work.  A  man  and  team  will  be  taken  as  equivalent 
to  two  days'  work,  as  by  the  law  required.  Managers  must  depend 
upon  this  n^eans  to  obtain  teams  for  their  work.  These  methods 
will  be  used  to  keep  roads  passable  throughout  the  county.  All 
such  managers  will  give  bond  to  the  county  surveyor  in  the  sum 
of  $500  for  faithful  performance  of  his  duty  and  as  custodian  of 
property. 

DISTRICTS. 

The  coimty  will  be  divided  into  four  districts,  to  simplify  ac- 
counts, and  each  district  will  have  a  manager,  under  whose  direc- 
tion all  permanent  road  building  will  be  done.  Each  of  these 
managers  will  have  an  organized  force  under  him,  and  will  work 
under  the  personal  direction  of  the  county  surveyor.  These  outfits 
will  be  moved  from  place  to  place,  living  in  camps. 

CASCADE    COUNTY    POLICY. 

it  will  be  the  policy  of  the  county  surveyor  to  keep  the  organ- 
ized crews  on  the  main  roads  leading  through  the  county,- — the 
main  arteries  of  travel, — and  to  systematically  build  permanent 
roads,  as  far  as  the  means  at  hand  will  permit,  macadamizing 
where  necessary.  If  this  system  is  carried  out  for  a  few  years, 
there  will  be  good  main  roads  throughout  the  county.  Lateral 
roads  will  be  left  to  the  last,  and  work  done  upon  them  only  to 
the  extent  of  keeping  them  passable. 

GRADES. 

As  for  grades,  tliis  is  largely  a  matter  of  topography.  Grades 
should  be  kept  down  to  the  limit  of  the  territory  traversed.  They 
should  l)e  tlie  best  that  the  ground  affords,  (rradcs  should  never 
be  sacrificed  to  property  rights.  If  a  road  is  worth  building,  it 
should  be  located  where  it  belongs.  The  keeping  of  a  record  of 
grades,  as  recjuired  ]•>}■  law.  is  practical)le.  but  it  will  take  time  to 
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accomplish  it.  as  nothing'  has  ever  been  done  in  the  matter  ot 
grades  heretofore.  It  will  be  the  policy  in  Cascade  comity  to  begin 
a  system  of  grades  from  Great  Falls,  the  county  seat,  using  a 
Government  bench  mark  as  the  datum  for  all  levels.  Levels  will 
be  rim  as  soon  as  practicable  on  the  main  roads  leading  through 
the  county,  and  bench  marks  established  at  intervals  of  a  mile. 
Permanent  roads  will  be  built  to  cstaljlished  grades.  I  do  not 
apprehend  any  present  necessity  of  carrying  the  matter  further 
than  the  maintenance  of  proper  grades  on  roads  to  be  built  in  the 
future,  and  in  changing  old  roads,  where  practicable,  to  reasonable 
grades. 

Cascade  county  has  about  1000  miles  of  road,  and  to  establish 
grades  for  all  this  mileage  would  be  folly  at  present.  It  will  re- 
quire years  to  get  many  of  the  little-traveled  lateral  roads  up  to  an 
established  grade. 

CULVERTS    AND    DRAINS. 

These  will  depend  upon  circumstances.  At  present  no  stand  ■ 
ard  is  adopted. 

GRADING   MACHINES. 

These  machines  are  well  adapted  for  road  grading  in  certain 
localities,  particularly  in  a  prairie  country.  In  some  parts  of 
Montana  they  can  be  used  to  advantage,  in  connection  with  a 
road-roller,  to  pack  the  newly  graded  road.  The  road-scraper  is 
a  useful  machine,  particularly  in  leveling  earth  roads  that  have 
been  badly  cut  up  and  left  rough  after  the  spring  rains. 

A  road-grading  machine,  .together  with  a  heavy  road-roller, 
will  be  recommended  for  use  in  Cascade  county  in  the  near  future. 

I  am  firmly  of  the  opinion  that  the  change  in  road  supervision 
will  result  in  good  to  the  state.  The  duties  of  the  county  surveyor 
W'ill  be  arduous  and  will  require  good  executive  ability  on  his  part. 
It  remains  with  him  to  prove  the  wisdom  of  the  change  in  manage- 
ment of  county  roads.  The  compensation  is  entirely  inadequate 
for  the  ability  required  to  properly  administer  the  duties  of  the 
office.  A  competent  engineer  can  hardly  afiford  to  devote  the 
time  necessary  to  conduct  the  affairs  of  the  ofifice.  This  will  be  a 
serious  obstacle  in  the  way  of  procuring  the  best  talent.  It  is  to 
be  hoped,  however,  that  the  county  surveyors  of  Montana  will 
do  all  in  their  power,  during  the  ensuing  two  years,  to  make  the 
law,  of  which  our  state  is  the  pioneer,  so  successful  in  its  operation 
that  two  years  hence  it  may  be  so  improved  as  to  become  a  model 
for  our  sister  states  to  accept. 
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DISCUSSION. 

Mr.  KiRKENDALL. — If  a  man  has  neither  money  nor  prop- 
erty, and  if  lie  is  invited  to  work  on  the  road  and  refuses  to  do  so, 
is  there  any  law  to  make  him  work  or  confine  him  in  jail. 

Mr.  Penwkli.. — I  believe  there  is. 

Mr.  Thorpe. — It  appears  to  me  that  allowint^  the  furnishing 
of  a  substitute  is  one  of  the  objectionable  features  in  the  new  law, 
and  one  of  the  matters  we  should  endeavor  to  have  repealed  at  the 
next  meeting  of  the  Legislature.  I  think  every  man  should  either 
do  the  v\'ork  himself  or  pay  the  road-tax  in  money.  At  any  rate, 
if  the  substitute  is  not  fully  able  to  do  the  work.  I  do  not  believe 
we  are  compelled  to  take  him. 

Mr.  Keeri.. — As  there  appears  to  be  some  doubt  as  to  the 
operations  of  the  new  law,  I  move  that  the  Attorney-General  be 
called  upon  for  a  comprehensive  opinion  on  this  law. 

Mr.  War  dwell. — Mr.  Parker  speaks  of  establishing  grades 
for  roads.  It  apj:)ears  to  me  that  each  county  surveyor  should 
decide  for  himself  the  proper  grade  to  use,  as  the  conditions  are 
so  frequently  changed  in  this  western  country.  A  road,  at  first 
unimportant,  may,  in  a  short  time,  become  very  important,  owing 
to  the  opening  up  of  new  mines  or  other  improvements.  A  road 
oxQT  which  loads  of  ore,  weighing  from  four  to  six  tons,  are  to 
l)e  hauled  will  not  admit  of  heavy  grades. 

Mr.  Wade. — A  chain  will  hold  only  what  its  weakest  link 
will  hold.  We  can  draw  over  a  roa.d  only  what  can  be  drawn  over 
its  worst  place,  and  consequently  that  one  place  will  rule  the 
traflfic  that  goes  over  the  road.  It  appears  to  me  we  should  pay 
particular  attention  to  grades.  The  need  of  proper  grades  is  par- 
ticularly apparent  to  freighters.  Recently  a  freighter,  in  urging 
me  to  change  a  grade  on  a  certain  hill,  said:  "Why,  Mr.  Wade, 
every  time  we  load  for  Helena  we  really  load  for  that  hill."  W  ith 
a  proper  grade  at  that  particular  point,  25  per  cent,  could  be  added 
to  every  load  that  passes  over  that  route. 
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By    Wm.    H.    Searles.    Member    of    the    Civil    Engineers'    Chvn    of 

Cleveland. 


[Read  before  the  Club,  September  14,  1897.*] 

In  the  administration  of  the  material  affairs  of  a  great  and 
growing  city  no  one  will  deny  the  importance  and  necessity  of  an 
engineering  department.  So  many  features  of  civic  growth  relate 
to  the  physical  and  material  improvement  of  the  territory  occupied 
by  the  city,  and  these  so  evidently  demand,  for  their  proper  man- 
agement, the  study  and  superintendence  of  men  skilled  in  technical 
details  that  the  employment  of  civil  engineers  becomes  a  matter  of 
course. 

In  the  village  stage  of  city  growth  this  feature  of  the  public 
service  ma\-  properly  consist  of  a  chief  engineer  and  a  small  corps 
of  assistants.  The  chief  engages  personally  in  all  the  engineering 
w'ork  done,  whether  in  field  work  or  office,  with  the  assistance  of 
a  few  young  men.  But,  as  the  citv  increases  in  size  and  the 
amount  of  work  grows  in  proportion,  this  simple  metliod  of  admin- 
istration becomes  impossible.  The  duties  of  the  engineer  office  are 
subdivided  again  and  again;  at  first  perhaps  only  into  a  field  and 
an  office  corps;  then  the  field  corps  is  subdivided  by  districts  of  the 
city  or  by  distinct  classes  of  duty,  or  both;  the  office  corps  is 
similarly  divided  and  draftsmen  of  different  degrees  of  skill  are 
assigned  to  the  work  suited  to  their  several  abilities;  but  all 
employes,  whether  in  field  or  in  office,  are  still  imder  the  imme- 
diate orders  of  the  chief.  Such  a  system  grows  up  by  the  gradu- 
ally increasing  demands  upon  the  department,  and  without  any 
special  design;  and  it  works  well  enough  for  a  series  of  years,  but 
at  length  it  becomes  unwieldy  by  its  very  expansion.  The  chief 
finds  himself  overtaxed  by  the  multiplicity  of  items  brought  to  his 
notice,  while  the  assistants  are  eml^arrassed  and  delayed  for  lack  of 
prompt  and  definite  orders. 

To  obviate  the  difficulties  growing  out  of  this  state  of  affairs  it 
is  customary  to  reorganize  the  engineer  department  by  the  estab- 
lishment of  a  number  of  bureaus,  each  devoted  to  a  particular  class 
of  work  exclusively,  and  each  presided  over  by  an  engineer  who 
makes  that  class  of  work  his  specialty.  Such  a  head  of  a  bureau 
directs  largely  the  details  of  work  under  him,  subject,  however,  to 
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the  orders  of  tlie  chief  engineer,  to  whom  he  reports  from  time  to 
time,  and  upon  whom  the  responsibihty  for  the  character  of  the 
work  accomplislied  finally  rests.  This  form  of  organization  is 
excellent  in  design,  and,  if  properly  carried  out.  usually  secures  the 
execution  of  the  details  of  routine  work  with  satisfactory  dispatch. 

The  organization  is  similar  to  that  adopted  by  railroad  com- 
panies and  private  corporations  doing  business  on  a  large  scale. 
It  so  subdivides  the  labor  that  no  part  is  necessarily  neglected,  and, 
while  requiring  ability  in  some  one  line  on  the  part  of  the  head  of 
each  bureau,  it  does  not  require  of  him  ability  and  experience  out- 
side of  the  duties  of  that  bureau.  These  subordinate  heads  of 
bureaus  may  therefore  be,  and  they  generally  are,  young  men  of 
good  parts,  but  possibly  of  an  experience  limited  to  the  scope  of  the 
bureau  over  which  each  presides. 

A  large  part  of  the  duty  of  a  city  engineer  is  found  to  be 
routine  in  its  nature,  of  which  repairs  form  a  prominent  feature. 
The  work  to  be  laid  out  is  governed  by  precedent  and  patterned 
after  work  previously  performed.  A  pavement  worn  out  is  to  be 
relaid  to  the  same  grade,  or  a  sewer  too  small  is  to  be  replaced  by  a 
larger,  or  a  bridge  superannuated  is  to  be  rebuilt.  The  work  having 
been  authorized  by  Council,  is  ordered  by  the  chief,  and  is  executed 
under  the  direction  of  the  bureau  head  and  his  assistants.  This 
seems  so  simple  in  statement  that  one  feels  confidence  in  the 
smooth  and  satisfactory  execution  of  the  work  demanded,  and  such 
is  usually  the  case,  as  far  as  routine  work  is  concerned.  Neverthe- 
less, the  multiplication  of  items  in  the  ever-widening  territory  of  a 
great  city,  and  the  increasing  demand  for  repairs  added  to  the 
demand  for  extensions  and  additions,  serves  to  burden  each 
bureau,  and  most  of  all  the  chief  engineer,  with  a  weight  of  duty 
and  responsibility  unrealized  by  any  exce])t  the  incumbent  himself. 
It  is  only  by  severe  application  to  duty,  and  often  by  overwork 
beyond  the  stipulated  office  hours,  that  the  business  of  the  office  is 
kept  abreast  of  the  city's  demand. 

This  general  description  fits  quite  well  the  i)resent  condition  of 
the  engineer  office  of  the  city  of  Cleveland.  The  city  has  long  out- 
grown its  village  conditions  and  even  those  of  a  minor  town.  It 
not  only  aspires  to  metropolitan  proportions,  but  finds  itself  com- 
pelled to  assume  them  1)\-  the  increasing  demands  upon  it  of  com- 
merce, of  manufactures,  and  of  the  thronging  population  which 
these  great  industries  attract  and  support.  Not  only  increasing 
numbers,  but  also  increasing  wealth,  make  it  the  plain  (lul\-  of  the 
city  government  to  provide  clean  and  comfortable  thoroughfares, 
wholesome  conditions  as  to  sewerage,  a  pure  and  abundant  supply 


CONSULTING  ENGINEER  IN  MUNICIPAL  AFFAIRS.      109 

of  water,  safe,  permanent,  and  commodious  bridges  and  viaducts, 
and  beautiful  and  health-giving  parks  and  boulevards  for  the  use 
and  comfort  of  the  citizens. 

Not  less  is  it  the  duty  of  the  city  government  to  afford  all 
possible  facilities  to  the  commerce  that  already  seeks  this  port,  and 
to  commerce  that  would  come  here  if  opportunity  and  space  were 
afforded  for  it.  Here  is  a  herculean  task,  yet  one  upon  the  proper 
execution  of  which  the  future  prosperity  of  the  city  largely  depends. 
It  involves  the  expenditure  of  millions  of  dollars,  while  the  proper 
and  wise  investment  of  this  money  is  largely  an  engineering  ques- 
tion. These  great  improvements  which  coming  generations  will 
be  called  upon  to  pay  for  should  be  designed  and  executed  with 
reference  not  only  to  our  needs  of  to-day,  but  to  the  wants  of  the 
century  to  come.  Works  of  a  temporary  and  flimsy  construction, 
such  as  were  excusable  in  a  young  community  fifty  years  ago,  are 
not  to  be  tolerated  for  a  moment.  The  improvements  must  not 
only  be  well  designed,  but  must  be  permanent  in  character,  so  as  to 
avoid  as  far  as  possible,  for  the  future,  the  expense  of  either  altera- 
tions or  repairs. 

The  necessity  for  these  improvements  is  conceded;  the  legis- 
lation precedent  to  the  raising  of  the  funds  has  already  been  accom- 
plished. The  question  most  important  in  this  connection  now  is, 
on  whom  is  to  devolve  the  responsibility  of  devising  and  maturing 
the  engineering  plans  upon  which  the  expenditures  are  to  be  made. 
Ought  this  burden  to  be  laid  on  the  present  engineer  office  of  the 
city  as  now  constituted?  Most  clearly  not.  It  would  be  a  gross 
injustice  to  the  officials  themselves  to  pile  upon  them  these  added 
duties  when  they  are  already  taxed  to  the  limit  of  endurance  by 
their  current  official  duty.  Nor  could  we  hope  for  the  best  results 
in  plans  for  new  work  to  which  only  hasty  and  partial  attention 
could  be  paid  in  the  intervals  snatched  from  other  pressing  engage- 
ments. 

Neither  would  it  be  wise  to  intrust  these  vast  material  interests- 
to  the  care  of  another  subordinate  bureau  of  the  engineer  office,  to 
be  called  perhaps  the  Bureau  of  Design.  It  would  not  be  wise, 
because  a  bureau  is  necessarily  limited  in  scope  and  authority;  its- 
work  is  performed  largely  by  assistant  engineers,  without  a  broad 
experience,  and  must  come  up  for  revision  and  correction  to  the 
chief  engineer  probably  a  number  of  times  before  final  approval. 
Were  it  simply  a  matter  of  detail  it  might  be  left  to  such  a  bureau 
to  perfect,  but  we  have  here  a  problem  of  the  broadest  natuYe.  in- 
volving untold  interests  in  the  future,  and  one  that  is  to  be  solved 
only  by  the  close  and  devoted  study  of  well-trained  and  experienced 
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engineers,  of  liberal  ideas,  and  free  froni  other  and  distracting 
duties. 

The  several  great  problems  now  before  the  city,  of  sewage 
disposal,  of  harbor  improvement,  and  of  park  adornment,  though 
separate  in  themselves,  have  the  common  feature  that  thev  deserve 
to  be  treated  comprehensively,  and  so  carried  out  that  every  part 
shall  be  consistent  with  the  rest.  No  detail  should  be  decided  upon 
except  as  it  will  fit  properly  into  its  place  in  the  general  design  for 
all  time  to  come. 

In  order  to  secure  the  end  in  view  and  guarantee  that  the  funds 
to  be  expended  in  a  grand  municipal  improvement  shall  be  ration- 
ally and  economically  expended,  the  city  should  call  into  being  a 
co-ordinate  branch  of  the  engineer  ofifice  charged  with  the  sole 
duty  of  considering  the  general  problem  in  all  its  aspects,  commer- 
cial, financial,  and  technical;  to  be  presided  over  by  an  engineer 
of  national  reputation,  who  should  be  required  to  give  his  whole 
attention  to  the  questions  in  hand.  This  officer  should  be  furn- 
ished with  offices  and  assistants  cjuite  distinct,  so  as  not  to  inter- 
fere in  the  least  with  the  routine  duties  of  the  present  organization. 
After  properly  gathering  all  necessary  data,  he  should  be  allowed 
sufficient  time  properly  to  weigh  all  the  facts  and  to  evolve  a 
design  that  will  never  need  to  be  repented  of.  Upon  the  comple- 
tion and  adoption  of  these  designs  they  should  finally  be  turned 
over  to  the  chief  engineer  for  execution,  with  the  advice  and 
friendly  co-operation  of  the  designer,  who  may  perhaps  be  desig- 
nated by  the  title  of  consulting  engineer. 

By  such  a  differentiation  of  duty  great  advantages  to  the  city 
are  to  be  secured.  Let  all  new  work  originate  in  the  office  of  the 
consulting  engineer.  The  plans  and  specifications  will  then  be 
prepared  on  a  scientific  basis,  and  in  accordance  with  the  best 
practice  of  the  world.  The  consulting  engineer  in  the  privacy  of 
his  office,  and  free  from  the  demands  upon  his  time  so  constantly 
made  by  the  public  upon  the  chief  engineer,  can  work  out  a  com- 
prehensive and  consistent  scheme  of  improvement  sufficient  to 
meet  all  reasonable  demands.  Drawing  upon  his  own  resources 
as  an  expert,  and  in  friendly  communication  with  the  best  engineer- 
ing talent  the  world  affords,  he  will  produce  results  on  which  his 
own  professional  reputation  will  be  staked,  free  from  all  political 
influences  or  i)ett}'  personal  favoritism  in  their  design,  and  thus 
give  to  the  city  a  body  of  improvements  oi  which  it  may  justly  be 
proud  for  all  time  to  come. 

The  consulting  engineer  should  Iia\e  the  privilege  of  selecting 
his  own  assistants,  in  order  that  his  ideas  may  be  thoroughly  car- 
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ried  out  and  expressed  by  them.  For  all  information  on  record 
he  would  call  on  the  chief  eng'ineer.  For  any  new  surveys  or 
examinations  he  may  call  on  the  chief  eng-ineer,  who  will  order 
them  made  bv  regular  assistants,  or,  if  the  examinations  were 
special  in  their  nature  and  likely  to  interfere  too  seriously  with  the 
regular  work,  a  special  corps  might  be  temporarily  organized  for 
the  purpose.  The  plans  and  specifications  would  be  matured 
directly  under  the  eye  of  the  consulting  engineer,  and  would 
exhibit  a  harmony  of  design  and  completeness  of  detail  impossible 
to  realize  under  less  favorable  circumstances. 

On  the  other  hand,  the  chief  engineer,  being  relieved  from  the 
responsibility  of  originating  new  and  important  designs,  can  give 
his  undivided  attention  to  the  work  of  construction.  By  a  well 
organized  corps  of  assistants  he  may  so  direct  the  laying  out  of  the 
work  and  the  inspection  of  materials,  and  so  control  the  quality  of 
workmanship  that  every  part  of  the  scheme  shall  be  thoroughly 
and  consistently  executed  to  his  own  professional  credit  and  to  the 
enduring  advantage  of  the  city  he  serves. 

This  last  and  most  important  division  of  expert  service, — that 
of  consulting  engineer. — is  not  in  the  least  suggestive  of  antago- 
nism or  jealousy  in  the  engineer  ofifice.  The  division  is  a  natural 
one,  and  founded  on  scientific  principles.  It  is  in  accord  with  the 
best  engineering  practice  and  with  the  functions  of  the  human 
mind.  The  duties  of  the  two  co-ordinate  branches  are  quite  dis- 
tinct, yet  perfectly  complimentar}-  to  each  other.  The  duties  of 
the  two  require  for  their  perfect  performance  different  orders  of 
mind.  A  man  well  ada])te(l  to  the  one  is  presumably  not  so  well 
adapted  to  the  other.  By  the  division  of  duty  into  two  classes  the 
city  obtains  superior  service  in  each.  It  is  not  a  division  into 
theoretical  and  practical  engineering,  as  some  might  ill-advisedly 
infer.  The  designing  engineer  must  be  as  practical  as  the  con- 
structing engineer;  but  he  must  also  be  so  familiar  with  the  imnm- 
table  laws  of  nature,  the  strength  of  materials,  the  results  of  many 
tests,  the  use  of  many  intricate  formulae  necessary  in  the  propor- 
tioning of  parts,  and  with  all  that  vast  mass  of  information  which 
goes  to  constitute  the  eciuipment  of  an  expert  engineer;  that  one 
cannot  reasonably  be  expected  to  excel  in  this  line  who  is  charged 
with  directing  a  large  force  of  men,  and  seeing  that  their  several 
duties  are  properly  performed  from  day  to  da}-  on  works  already 
under  construction. 

This  division  of  expert  labor  is  not  without  i)recedent.  It  is 
common  on  the  more  important  railroads  and  wherever  the  highest 
grade  of  engineering  work  is  to  be  accomplished.     There  can  be 
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no  good  reason  why  the  city  of  Cleveland  should  not  avail  itself  of 
the  same  method.  The  great  public  interests  at  stake  demand  it; 
by  no  other  means  are  the  best  results  to  be  secured.  It  is  in  line 
with  the  only  true  economy.  The  cost  of  the  additional  office  is 
not  worth  considering  in  comparison.  As  well  niight  a  steamboat 
company  dispense  with  a  pilot  to  save  his  salary. 

The  present  is  a  most  opportune  time  for  making  the  innova- 
tion here,  on  the  eve  of  enterprises  heretofore  unparalleled  in  this 
city,  and  requiring  expenditures  of  money  beyond  all  previous 
estimates.  Naturally,  in  undertaking  a  new  voyage  the  first  step 
is  to  provide  a  pilot. 

It  may  be  objected  to  this  general  proposition  that  the  end  to 
be  gained  may  be  reached  by  the  employment  of  a  temporary  com- 
mission of  experts,  to  be  called  in  as  the  occasion  may  demand 
from  to  time. 

To  this  objection  it  may  be  replied  that, 

First.  The  very  fact  that  such  commissions  have  been  several 
times  created  by  this  city  proves  conclusively  that  the  necessity  for 
a  consulting  engineer  in  some  shape  was  felt  to  exist  at  those  times, 
and  is  likely  to  occur  again. 

Second.  The  men  serving  on  those  connnissions  have  been 
called  from  distant  cities  with  minds  preoccupied  with  their  home 
duties,  with  little  or  no  prior  familiarity  with  our  local  conditions, 
depending  upon  such  facts  and  figures  as  may  be  furnished  them 
on  arrival,  and  upon  such  hasty  personal  inspection  as  a  one  day's 
drive  over  the  ground  will  enal)le  them  to  make. 

In  contrast  with  these  conditions,  consider  the  advantage  to 
the  city  in  the  services  of  a  consulting  engineer  permanently 
engaged,  giving  his  whole  interest  and  attention  to  the  problems 
here  to  be  met,  familiar  with  the  records  of  the  citw  and  able  to 
make  further  examinations  and  surveys  at  any  time  that  such  seem 
to  be  necessary. 

Third.  The  report  of  a  foreign  commission  carries  no  author- 
ity with  it.  It  is  true  the  members  have  been  selected  for  their 
high  reinitation  and  well-known  aljility;  their  report  is  presumably 
formulated  upon  their  conil)ine(l  judgment,  with  all  the  care  that 
the  time  at  their  disposal  will  permit.  It  may  l)e  a  monument  of 
wisdom,  and  yet  after  it  is  received  and  filed  no  one  appears  to  feel 
under  any  obligations  to  follow  its  direction. 

( )n  the  other  hand,  if  a  similar  report  were  issued  from  a 
municipal  office  under  the  authority  of  a  high  munici])al  officer, 
such  as  a  consulting  engineer  should  l)e,  tlie  report  would  carry, 
weight,  and  those  who  were  oi)posed  to   it  would   liave   to  show 
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cause  why  it  should  not  be  adopted.  Its  author  would  be  present 
to  answer  objections  and  to  defend  its  measures  if  necessary. 

Fourth.  The  expense  connected  with  such  commissions  is 
necessarily  great,  yet  their  advice  is  confined  quite  strictly  to  the 
questions  laid  before  them.  A  very  few  such  commissions  in  the 
course  of  a  year  would  cost  an  amount  ecjual  to  a  salary  at  which 
any  member  of  the  commission  could  be  secured  to  serve  the  city 
in  a  permanent  capacity,  with  the  inestimable  advantage  of  his  con- 
stant personal  presence  and  study  of  the  engineering  questions  that 
will  continually  arise. 

Fifth.  The  report  of  a  conunission  has  no  necessary  relation 
to  those  which  have  preceded  it.  They  may  therefore  be  inconsist- 
ent, if  not  contradictory,  and  it  might  be  impossible  for  the  city 
to  follow  them  all  literally. 

On  the  contrary,  the  reports  and  designs  issuing  from  the 
permanent  office  of  the  city's  consulting  engineer  would  exhibit  a 
uniformity  of  purpose  and  plan,  and  would  be  consistent  one  with 
another,  so  that  all  could  be  reasonably  carried  out  with  the 
greatest  advantage  to  the  city. 

As  the  city  solicitor,  or  director  of  law,  is  frequently  called 
upon  for  opinions  as  to  the  constitutionality  or  legality  of  certain 
measures  proposed,  so  would  the  consulting  engineer  be  called  on 
to  decide  upon  the  practicability  and  economy  of  various  schemes 
proposed;  his  adverse  opinion, — based  on  a  knowledge  of  nature's 
laws,  which  never  can  be  violated  with  impunity, — serving  to  save 
the  city  many  thousands  of  dollars  which  might  otherwise  be 
squandered  in  useless  experiment. 

Under  a  consulting  engineer  we  should  see  much  less  of  the 
now  conmion  practice  of  signing  local  remonstrances  against  pro- 
posed improvements,  partly  because  such  improvements  would 
have  been  so  wisely  designed  as  to  be  open  to  very  little  criticism,, 
and  partly  because,  as  part  of  a  general  scheme,  no  alteration  in 
plans  could  be  made  without  doing,  at  some  other  point,  greater 
actual  harm  than  that  locally  complained  of. 

It  thus  appears  from  many  points  of  view  that  the  function  of 
consulting  engineer  would  form  a  desirable  and  important  feature 
in  the  public  service.  It  is  an  office  called  for  by  considerations  of 
public  health  and  commercial  prosperity;  it  would  greatly  facilitate 
the  wise  direction  of  public  works,  and  would  promote  the  econo- 
mical expenditure  of  the  public  funds;  it  would  assist  the  city 
government  to  make  municipal  improvements  on  sound  and  broad 
principles,  insuring  the  greatest  good  to  the  greatest  number,  both 
in  the  present  and  succeeding  generations  of  men.  The  proposi- 
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tion  to  create  and  maintain  such  an  office  should  receive  the  cor- 
dial support  of  every  broad-minded  and  public-spirited  citizen,  and 
is  likely  to  be  opposed  only  by  those  whose  sole  care  it  is  to  con- 
serve petty  personal  or  partisan  interests. 

The  city  of  Cleveland  would  have  profited  greatly  in  the  past 
from  the  services  of  a  permanent  consulting  engineer;  for  the 
future  his  services  will  be  found  to  be  absolutely  indispensable. 
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IN  COLORADO. 


By  William  Ashton,  Member  Denver  Society  of  Civil  Engineers. 


[Read  before  the  Society,  January  14,  1896.*] 

In  renewing  cross-ties  they  are  usually  gone  over  but  once  a 
year.  The  portion  of  track  gone  over  for  renewal  of  ties  in  the 
spring  is  seldom  gone  over  again  later  in  the  season,  but  all  ties 
left  in  the  track  at  the  time  the  renewals  are  made  are  supposed  to 
be  good  for  at  least  one  more  year's  service. 

Most  of  the  ties  now  used  in  Colorado  are  of  native  pine  and 
spruce.  A  few  oak  ties  are  brought  into  the  state  for  use  under 
very  heavy  traffic  and  on  sharp  curves,  but,  by  the  aid  of  tie-plates, 
closer  spacing,  and  better  rail-braces,  aided  by  the  wider  rail-base 
and  stiffer  rail,  we  are  now  enabled  to  use  pine  and  spruce  native 
ties  at  points  where  their  use  would  have  been  considered  unsafe  a 
few  years  ago. 

When  I  began  railroading  it  was  thought  proper  to  use  soft 
wood  ties  only  on  tangents.  In  looking  over  some  of  my  old 
papers  I  find  that  in  Kansas  and  Nebraska,  as  late  as  1881,  my 
instructions,  when  in  charge  of  track-laying  on  branch  lines  that 
were  never  expected  to  carry  heavy  traf^c,  were  to  the  eiTect  that 
soft  wood  ties,  such  as  cedar,  cypress,  or  pine,  might  be  laid  in  tan- 
gents, on  1°  curves  every  third  tie  must  be  oak;  on  2°  curves  at 
least  one-half  the  cross-ties  must  be  oak,  and  on  3°  curves  all  ties 
must  be  of  oak.  As  we  had  no  curves  sharper  than  3°,  I  can  only 
guess  at  what  we  should  have  done  had  we  struck  an  18°  curve. 
In  those  days,  however,  we  used  only  2640  ties  to  the  mile  and  50 
to  52-pound  rail.  Now  we  frequently  use  3200  ties  per  mile,  and 
seldom  less  than  2900,  while  very  little  new  rail  is  being  rolled  of 
a  less  weight  than  65  pounds  per  yard,  if  intended  for  standard 
gauge  track;  while  the  rail  rolled  in  the  year  1895  for  standard 
gauge  will  probably  average  at  least  70  pounds  per  yard  in  the 
West  and  heavier  in  the  East.  While  many  more  ties  are  used 
now  for  a  mile  of  track  than  a  few  years  ago,  I  fail  to  notice  a  re- 
duction in  the  size  or  quality  of  the  dififerent  classes.  I  think  the 
oak  ties  we  get  now  are  fully  as  good  as  those  we  got  fifteen  years 
ago,  and  the  same  may  be  said  of  ties  of  other  woods. 

In  my  opinion,  ties  are  now  better  cared  for  than  they  were, 
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and  last  longer  than  they  did,  a  few  years  ago.  The  increased 
strength  of  the  rail  distributes  the  weight  over  a  greater  number  of 
ties,  and  much  more  evenly,  than  wdien  lighter  rails  were  in  use. 
As  a  result  the  ties  get  less  individual  punishment  under  the  traffic, 
even  though  it  has  materially  increased  in  weight  per  lineal  foot  of 
train,  and  although  our  tracks  are  subjected  to  much  greater  loads 
and  speeds  than  they  were  a  few  years  ago.  I  believe  the  track 
has  fully  kept  pace  with  the  increased  weight  and  speed  of  trains, 
and  is  fully  as  safe  as  the  poorer  track  was  at  the  slower  speeds.  I 
do  not  intend  by  this  to  assert  that  I  believe  that  our  track  is 
entirely  satisfactory  and  good  enough  for  the  present  traffic,  but, 
while  I  am  fully  aware  of  the  unsatisfactory  results  we  get  from  the 
present  method  of  track  construction  and  maintenance,  of  the  very 
primitive  manner  of  fastening  the  rail  to  the  ties,  the  weak  points 
at  the  rail  joints,  in  spite  of  the  almost  numberless  joint  splices  and 
other  devices  being  brought  out,  yet  I  feel  full  confidence  in  assert- 
ing that  the  track  of  to-day  is  as  safe  and  satisfactory,  except 
perhaps  from  a  financial  standpoint,  as  it  was  a  few  years  ago,  when 
our  trains  weighed  half  as  much  and  ran  at  half  the  speed;  and  this 
safety  has  been  maintained  and  kept  in  unison  with  the  increased 
requirements  with  the  same  inferior  substructure  of  wooden  ties, 
supplemented  by  a  few  new  inventions  for  increasing  their  effi- 
ciency and  possibly  somewhat  increasing  their  durability. 

Tie-plates  are  undoubtedly  a  means  of  increasing  the  life  of 
soft  wood  ties,  especially  of  ties  that  have  naturally  quite  a  long 
life  in  the  soil,  and  which  were  destroyed  largely  by  the  cutting 
and  crushing  action  of  the  rail  where  it  rested  upon  the  tie.  On 
such  ties  the  tie-plate  also  aids  in  holding  the  track  to  gauge  and 
tends  to  prevent  the  spreading  of  the  rails  on  curves  or  elsewhere. 

Under  ordinary  circumstances,  my  experience  on  the  lines  in 
Colorado,  has  been  that  ties  of  Colorado  pine,  balsam,  and  white 
spruce  will  last  in  track  3^  to  4  years  under  ordinarily  heavy 
traffic.  Under  light  traffic,  on  a  well  tied  track,  they  will  probably 
average  4  years.  ( )n  our  main  line  we  usuall_\-  take  out  about  half 
of  these  ties  after  3  years'  service  and  the  balance  the  fourth  year. 
On  sidings  and  spurs,  where  they  had  very  little  traffic  over  them, 
where  no  renewals  of  such  ties  would  be  made  until  the  fourth 
year;  yet  if,  during  the  third  year,  this  track  had  been  subjected  to 
a  fast  heavy  train,  many  of  the  ties  would  have  been  found  broken 
and  possibly  some  of  tliem  crushed.  We  have  alkali  lands  where 
the  ties  seem  to  burn  out;  that  is,  there  seems  to  be  something  in 
this  soil  that  destroys  the  fiber  of  the  wood,  causing  it  to  become 
worthless  in  respect  both  to  its  tensile  strength  and  to  its  resist- 
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ance  to  crushing-.     The  ties  eiuinicrated  above  often  last  only  two 
years  in  this  soil. 

Yellow  spruce,  as  found  in  Colorado,  lasts  in  the  track  about 
4  years. 

Red  spruce  is  the  best  of  Colorado  tie  timber.  It  is  a  strong, 
firm  wood,  holds  spike  well,  and  lasts  usually  5  years,  and  in  some 
cases  will  average  5^  and  even  6  years. 

Colorado  timber,  cut  at  a  high  elevation,  lasts,  in  some  cases, 
fully  one  year  less  than  that  cut  lower  down,  especially  if  laid  at  a 
considerably  less  elevation  than  where  it  grew.  I  cannot  fully 
account  for  this,  but  it  may  be  in  part  explained  by  the  fact  that 
the  timber  grown  at  a  lower  elevation  has  less  moisture,  grows 
slower;  and  is  therefore  tougher  and  closer  grained. 

I  think  the  cost  of  metallic  ties  is  one  of  the  principal  reasons 
why  they  are  not  used  more  extensively  at  the  present  day.  To 
this  may  be  added  the  lack  of  uniformity  in  opinion  as  to  the  best 
form  and  the  absence  of  any  good  practical  metallic  tie.  It  seems 
to  me  that  the  metallic  tie  has  not  yet  been  taken  up  seriously 
enough  to  make  it  a  success.  Trials  have  been  made  of  dififerent 
forms  of  metallic  ties,  but  they  usually  proved  expensive,  and  at 
that  the  railway  company  would  give  it  up  and  go  back  to  the 
wooden  tie.  If  it  were  not  for  the  old  wooden  tie  to  fall  back  on, 
we  would  have  metallic  ties  of  a  pattern  and  efficiency  that  would 
give  little  cause  for  complaint,  but  I  do  not  look  for  the  general 
adoption  of  this  kind  of  a  tie  until  they  can  be  not  only  furnished  at 
a  cost  which  will  compete  with  wooden  ties,  durability  considered, 
and  until  they  are  made  of  such  form  as  to  admit  of  their  being 
put  in  track  without  having  a  machinist  for  a  section  foreman.  I 
fail  to  find  any  reason  for  expecting  that  the  adoption  of  metallic 
ties  will  materially  reduce  the  cost  of  track  maintenance,  except  in 
the  matter  of  renewals  of  ties,  and  even  with  metallic  ties,  we  shall 
have  to  keep  practically  the  same  kind  of  track  forces  as  we  do 
now,  with  perhaps  one  or  two  less  men  on  a  section  during  the 
summer.  We  will  still  have  to  depend  on  common  labor.  There- 
fore we  want  a  metallic  tie  that  can  be  handled  by  this  class  of 
labor,  or  a  tie  that  will  call  for  so  little  attention  that  we  can  afford 
to  hire  special  skilled  labor  to  handle  and  look  after  them.  We 
shall  require  the  same  amount  of  lining,  ballasting,  track  raising, 
widening  of  banks,  cutting  of  weeds,  draining  of  cuts  and  other 
miscellaneous  work  of  this  character  as  heretofore.  This  work 
will  have  to  be  done  by  cheap  labor,  and  this  labor  is  what  will  be 
called  on  to  put  in  metallic  ties. 
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ATLANTIC  COPPER  MINE,  HOUGHTON  COUNTY, 
MICHIGAN. 


By  Theodore  Dengler. 


[Read  before  the  Denver  Society  of  Civil  Engineers,  December  8,  1896.*] 

In  the  copper  mines  of  Lake'  Superior  much  labor  is  some- 
times expended,  as  in  the  Atlantic  mine,  upon  a  rock  containing 
low  values,  but  giving  a  fair  earning  on  the  investment. 

With  one  or  two  exceptions  the  present  producing  mines  have 
been  in  active  operation  from  25  to  30  years,  from  which  you  will 
correctly  infer  that  they  are  deep  mines,  the  shafts  ranging  from 
1200  to  5000  feet  on  an  incline.  Among  the  more  notable  mines 
are  the  Calumet  and  Hecla,  Tamarack,  Quincy,  Osceola,  Franklin, 
Atlantic,  Kearsarge  and  Wolverine,  in  the  order  of  their  output 
the  Calumet  and  Hecla  being  the  largest. 

The  mineral  beds  consist  of  amygdaloidal  traps  and  conglom- 
erates impregnated  locally  with  metallic  copper.  The  dip  of  these 
beds  varies  from  56°  at  the  Atlantic,  the  most  southerly  mine,  to 
37^°  at  the  Calumet  and  Hecla  mine,  15  miles  northeast,  and  to  26° 
at  the  Central  mine,  18  miles  further  northeast. 

In  the  amygdaloidal  beds,  the  copper,  as  a  rule,  occurs  in  an 
irregular  manner,  in  the  form  of  chutes  and  pockets  requiring 
much  dead  work  in  finding  and  opening  out  the  rich  ground.  The 
Atlantic  lode  is  a  single  exception.  Here,  the  copper  being  evenly 
distributed,  little  dead  work  is  required  and  the  whole  bed  is  stoped. 
In  conglomerates,  the  copper  is  generally  very  evenly  distributed. 

The  region  has  been  a  study  for  geologists  as  much  as  that  of 
Cripple  Creek,  if  not  more.  Dr.  Wadsworth,  the  former  geologist 
of  Michigan,  now  president  of  the  Michigan  Mining  School,  in 
speaking  of  the  Calumet  and  Hecla  mine,  says:  "This  famous 
mine  has  as  a  lode  an  old  sea  beach  conglomerate  which  is  under- 
laid by  a  lava  flow  as  well  as  overlaid  by  one,  and  the  copper  has 
been  chemically  deposited  within  this  conglomerate  by  the  per- 
colating waters  long  subsequent  to  its  formation,  and  after  it  was 
deeply  buried  under  successive  lava  flows.  Although  many  speak 
of  the  Calumet  'vein,'  neither  that  mine  nor  any  other  in  the  Port- 
age Lake  division  is  worked  upon  a  vein  or  upon  anything  that  in 
the  slightest  degree  approaches  a  vein  in  its  character.  All  are  bed 
mines." 

♦Manuscript  received  September  13,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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This  gives  you  the  why  and  wherefore  in  a  nutshell,  and  is  the 
prevailing  idea  in  the  minds  of  most  scientific  men  who  have  had 
occasion  to  be  on  the  lookout  in  the  district. 

In  the  foregoing  statement  the  term  "bed  mines"  does  not  in- 
clude some  of  the  mines  at  the  northeast  end  of  the  region,  which 
have  been  closed  down.  They  were  worked  on  "true"  fissure  veins 
lying  across  the  beds  which  I  have  mentioned  at  about  90°  and  have 
become  impoverished  with  depth.  The  veins  produced  chiefly  mass 
copper,  the  masses  varying  in  weight  from  a  pound  to  several  tons, 
with  some  mill  rock.  The  largest  mass  I  have  heard  of  was  found 
in  the  Central  mine.  Its  total  weight  was  given  out  as  about  600 
tons,  and  no  little  labor  was  required  to  reduce  it  to  shape  for 
handling.  I  am  told  that  2  years  were  required  to  remove  it  in 
pieces  small  enough  to  go  into  a  reverberatory  furnace.  A  piece 
of  this  mass  was  on  exhibition  at  the  Chicago  World's  Fair  in  1893. 
At  present  we  hear  of  but  few  very  large  masses  in  bed  mines,  and, 
when  they  do  appear  in  the  working  mines,  they  sometimes  cost 
more  than  their  worth  to  extract  them.  The  only  practical  means 
for  reducing  masses  is  with  cold  chisel  and  hammer.  Prices  as 
high  as  $10  per  square  foot  of  cut  have  been  paid  for  this  work  to 
experienced  men. 

The  largest  producer  of  native  copper  is  undoubtedly  the  Cal- 
umet and  Hecla  mine,  which  produces  a  minimum  of  3000  tons  of 
refined  copper  a  month.  The  Anaconda  mine  in  Montana  exceeds 
this  output,  but  its  product  is  from  copper  ores  containing  a  high 
percentage  of  copper. 

The  Calumet  has  the  largest  machinery  and  the  deepest  shafts 
of  any  mine  in  the  world.  It  is  working  upon  a  conglomerate 
carrying  about  3^  per  cent,  of  copper.  There  are  twelve  shafts, 
the  deepest  being  a  little  over  5000  feet  on  the  incline,  while  the 
latest  undertaking  was  to  put  down  a  six-compartment  shaft  meas- 
uring 20x15.5  feet  over  all,  4900  feet  vertically,  through  dead 
ground,  from  which  cross-cuts  have  been  made  to  the  lode.  This 
shaft  cut  the  conglomerate  at  3300  feet. 

The  total  horse  power  of  the  boilers  at  the  mine  and  stamp 
mill,  commercial  standard,  is  22,422. 

The  aggregate  horse  power  which  can  be  developed  by  the 
engines  belonging  to  the  company  is  40,000.  A  notable  feature 
to  be  observed  at  the  mine  and  mill  is  that  the  hoisting  engines 
and  pumps  are  arranged  in  pairs.  Should  an  accident  happen  to 
the  engine  in  use,  the  duplicate  engine  can  immediately  be  put  into 
operation. 

The  company  employs  some  3456  men. 
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About  a  mile  northwest,  on  the  hanging  wall  side  of  the  Calu- 
met and  Hecla  conglomerate,  the  Tamarack  Mining  Company  is 
sinking  a  shaft  7  ^2y  feet,  which  is  expected  to  cut  the  same  con- 
glomerate at  a  vertical  depth  of  4600  feet.  The  lode  at  this  mine  is 
very  wide,  about  22  feet,  twice  as  thick  as  the  conglomerate  usually 
is.  The  company  has  four  shafts  in  operation,  with  depths  of  3234 
feet,  4200  feet,  and  4393  feet,  respectively.  Al)out  1426  men  and 
boys  are  employed  at  the  mine  and  mill. 

At  most  of  the  mines  the  men  are  lowered  to  the  work  by 
means  of  skips  or  a  man-engine,  but  at  the  Ouincy  mine  there  is 
an  attractive  feature  in  the  rapid  handling  of  men.  Formerly  they 
were  sent  in  and  out  of  the  mine  on  the  old-fashioned  time-con- 
suming man-engine;  they  are  now  lowered  and  raised  in  a  man- 
car,  and  the  entire  force  underground,  about  400  souls,  can  be  got 
in  or  out  of  the  mine  in  thirty  minutes.  The  man-car  bears  a  close 
resemblance  to  a  flight  of  stairs,  the  under  side  of  which  is  pro- 
vided with  wheels  that  rest  upon  the  shaft  track.  There  are  banis- 
ters on  this  section  of  stairs  to  prevent  the  men  from  being 
crowded  over  the  sides.  The  men  take  their  seats  on  the  steps  and 
are  gently  lowered  into  the  earth  a  distance  of  4000  feet  on  the  in- 
cline. Thirty  men  are  carried  at  a  load.  The  change  from  the 
man-cars  to  the  skips  is  made  at  each  shaft  in  less  than  2  min- 
utes. Two  5-ton  cranes  are  placed  in  each  shaft  house,  one  on 
each  side  of  the  skip  road,  and  with  these  the  man-cars  are  lifted 
ofif,  and  the  skips  substituted  in  the  time  given. 

While  the  Calumet  and  Hecla  and  other  mines  carry  the  dis- 
tinction of  being  big  producers,  no  little  attention  has  been  di- 
rected to  the  Atlantic  mine  by  reason  of  the  excellent  results 
achieved  in  its  operation. 

This  mine  is  situated  al)out  3  miles  southwest  from  the 
town  of  Houghton,  and  8  miles  inland  from  Lake  Superior.  It 
is  working  upon  an  amygdaloidal  trap  extending  N.  52°  E.,  dip 
56°,  and  with  an  average  thickness  of  about  10  feet.  The  rock 
yields  about  0.73  per  cent  of  refined  copper  or  14.6  pounds  per  ton 
of  rock  treated.  At  to. 52  cents  a  pound  (which  the  management 
realized  1895)  this  amounts  to  $1.5352  for  the  average  value  in 
every  ton  of  rock  treated.  This  is  the  smallest  percentage  of  cop- 
per per  ton  of  rock  that  is  being  worked  in  the  district  with  profit, 
other  mines  having  all  the  way  from  1.5  to  3.5  per  cent. 

With  this  small  value  in  the  rock,  the  company  managed,  in 
1895,  to  earn  a  gross  profit  of  $110,600.  The  ground  broken  and 
the  product  for  the  year  were  as  follows: 
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Extract  from  Mine  Report  for  1895: 

Ground  broken  in  openings  and  stopes 20,037  fathoms 

Rock  stamped 331,058  tons 

Product  of  mineral  6,239,000  pounds 

Which  gave  a  product  of  refined  copper 4.832,497        " 

The  expenses  were  divided  as  follows: 

Cost   per  ton   of   mining,    selecting  and   breaking,   and   all   surface 

expenses,  including  taxes   $0.7525 

Cost  per  ton  of  transportation  8  miles  to  stamp  mill 0408 

"       "       "      "    stamping  and  separating 2220 

"       "       "      "    freight,   smelting  and   marketing   product,   includ- 
ing New  York  office  expenses 1881 

Total  cost  per  ton  of  running  expenses $1.2034 

Gross  earning  per  ton  of  rock  treated $0.3318 

In  1894  the  yield  was  14.06  pounds  of  copper  per  ton  of  rock. 
Receiving  a  gross  value  of  $1.3376  for  the  copper  in  a  ton  of  rock 
the  mine  managed  to  earn  $48,763. 

The  company  employs  about  450  (?)  men  and  boys  at  the  mine 
and  mill.  The  management  strives,  above  all  things,  to  keep  the 
skips  in.  the  four  shafts  hoisting  rock;  and,  barring  an  occasional 
accident,  the  skips  are  in  continuous  travel  from  7  a.m.  to  5  p.m, 
and  again  from  7  p.m.  to  5  a.m.,  stopping  a  few  minutes  at  12 
o'clock  for  oiling  up.  The  interval  of  two  hours  between  shifts  in 
the  morning  and  evening  are  devoted  to  the  hoisting  and  lowering 
of  men,  stulls  and  lagging.  Engines,  cars  and  skips  are  oiled  and 
greased,  fires  are  raked  and  everything  is  put  in  order  for  the  next 
shift. 

A  miner  or  trammer,  failing  to  be  on  hand  to  go  down  or  up 
in  this  interval,  will  find  it  necessary  to  climb  a  few  thousand  feet 
of  ladders  or  else  risk  his  life  in  jumping  for  the  skip  while  it  is  in 
motion.  Though  the  latter  is  often  done,  the  offender  is  liable  to 
be  discharged  if  discovered  in  the  act  by  an  official. 

The  hoisting  plant  at  each  shaft  is  in  charge  of  an  engineer 
and  a  boy,  the  latter  attends  to  the  firing  and  feeding  of  the  boiler 
at  the  command  of  the  engineer,  the  boiler  being  in  full  view  of  the 
engineer. 

Most  of  the  trammers  are  Findlanders.  The  miners  are 
mostly  Cornish.  Boys,  generally  the  sons  of  miners  and  laborers 
employed  about  the  mine,  are  used  where  possible  in  engine 
houses  and  the  stamp  mill  at  $18  to  $20  per  month. 

Miners'  wages  average  about  $52  to  $55,  and  trammers  receive 
from  $38  to  $45  per  month. 
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The  district,  being  in  communication  with  the  East  both  by 
rail  and  water,  has  the  advantage  of  low  freight  rates.  Especially 
is  this  the  case  with  coal.  Vessels  which  carry  iron  ore  and  lum- 
ber from  points  on  Lake  Superior  to  Cleveland,  will  take  on  a 
cargo  of  coal  at  Cleveland,  charging  a  small  rate  rather  than  re- 
turn light  with  no  profit.  By  this  means  good  Ohio  soft  coal  is 
laid  down  in  Houghton  at  about  $2.25  per  ton. 

The  Atlantic  also  receives  good  sound  maple  cord  wood  along 
its  railroad. 

The  mine  and  mill  consumed  $77,314.75  in  coal  and  wood  dur- 
ing the  year  1895. 

There  are  four  shafts,  the  deepest  being  2150  feet  on  the  in- 
cline. The  hoisting  engine  at  each  shaft  is  assisted  in  its  work 
by  a  "dummy"  of  cast  iron  which  travels  up  and  down  on  a  small 
track  alongside  the  skip  road.  Being  of  about  the  same  weight  as 
the  rock  in  the  skip,  3000  pounds,  it  afifords  a  partial  balance  to  the 
engine. 

The  mine  is  opened  out  laterally  about  4800  feet.  All  mining 
is  done  on  contract.  The  prices  paid  range  from  $5  to  $7  per  foot 
drifting,  $7  per  fathom  for  stopes  and  $20  for  shaft  sinking.  The 
net  cost  to  the  company  is  probably  less  than  this,  as  these  are 
prices  upon  which  miners  have  always  based  their  l)ids  when  dyna- 
mite was  more  expensive  than  it  is  now,  and  the  company  furnishes 
the  explosive  at  the  former  price,  reserving  the  profit  due  to  the 
variation  and  present  lower  price  of  the  dynamite. 

The  company  furnishes  Little  Giant  Rand  drill  machines,  of 
which  there  are  28  in  operation,  and  makes  all  repairs  to  the  ma- 
chines. 

Compressed  air  is  delivered  to  within  50  feet  of  the  working 
place  by  iron  pipes.  All  other  items,  such  as  bits,  powder,  air- 
hose,  etc.,  are  charged  to  the  miner.  Bits  are  sharpened  by  the 
company's  blacksmith  gratis  to  the  miner.  The  ground  broken  in 
the  mine  is  about  six  months  in  advance  of  the  tramming,  and 
would  run  the  mill  for  that  length  of  time  should  anything  cause 
the  mine  to  close  down. 

Tramming  is  done  on  company  accoimt,  a  trammer  receiving 
from  $38  to  $45  per  month  for  lo-hour  shifts. 

The  water  in  the  mine  is  removed  by  a  Cornish  pump  from 
No.  3  shaft  towards  w'hich  all  the  water  in  the  mine  is  drained. 

The  rock  is  hoisted  in  skips  weighing  4500  pounds,  with  a 
capacity  of  3000  ]iounds,  traveling  at  an  average  speed  of  750  feet 
per  minute. 

The  four  shaft-houses  are  connected  by  a  trestle,  over  which 
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the  rock  is  transferred  by  rope  haulage  to  the  rock  or  crusher- 
house  at  one  end  of  the  property.  Herein  all  the  rock  is  crushed 
in  ^Blake  rock  breakers,  to  pieces  about  the  size  of  one's  hand  and 
smaller.  Any  small  masses  which  appear  are  picked  out  and  sent 
direct  to  the  refinery.  The  crushed  rock  falls  into  bins,  from 
which  it  is  transported  by  rail  to  the  stamp  mill  a  distance  of  8 
miles.  At  the  mill,  the  rock  is  further  reduced  in  size,  in  18  inch 
steam  stamps,  having  a  capacity  of  250  tons  each  day.  The  shoe 
on  these  stamps  weigh,  when  new,  700  pounds,  and  lasts  about  18 
days,  its  weight  having  been  reduced  by ,  that  time  to  250 
pounds  or  less.  The  stamped  material  is  washed  through  2 
screens,  with  meshes  or  slots  ^  inch  by  ^  inch,  placed  at  either  end 
of  the  mortar.  Thence  the  material  is  passed  over  a  hydraulic 
separator,  which  separates  it  into  particles  of  five  different  sizes, 
four  of  which  pass  through  CoUum  jigging  machines,  of  which 
there  are  fifty-six  to  each  stamp  head.  The  fifth  or  smallest  parti- 
cles, called  slimes,  are  run  over  revolving  slime  tables  and  thence  to 
keeves.  The  resulting  prodvict  of  the  stamp  mill  averages  76.46 
per  cent,  of  pure  copper.  This  is  put  into  barrels  having  a  capacity 
of  about  1200  to  1600  pounds.  The  barreled  material  is  taken 
back  to  the  mine  by  rail,  and  teamed  to  Houghton  smelters,  a  dis- 
tance of  3  miles,  where  it  is  refined  and  cast  into  ingots,  bans  or 
plates,  and  then  shipped  East. 

The  water  used  in  the  milling  process  is  obtained  from  a  river 
near  by,  across  which  a  dam  has  been  constructed  of  timber,  loose 
rock  and  sand.  The  main  portion  of  the  dam  is  a  crib-work  built 
up  with  hewed  hemlock  14  inches  thick,  securely  bound  at  the 
joints  with  I  inch  square  drift  bolts  30  inches  long.  The  dimen- 
sions are:  height  48  feet,  length  at  the  top  258  feet,  length  at  the 
bottom  81  feet,  width  at  top  28  feet,  and  width  at  the  bottom  53 
feet,  with  a  perpendicular  face  up-stream  and  slope  down-stream. 
The  up-stream  side  of  the  dam  is  planked  with  two  layers  of 
boards,  one  of  3  inches  inside  and  one  of  2  inches  outside. 
The  crib-work  was  filled  with  sandstone,  obtained  from  the  banks 
nearby,  while  a  sand  filling  was  put  in  front  of  the  planking.  A 
few  months  after  the  dam  had  been  filled,  it  was  found  to  have 
settled  about  10  inches  in  the  center;  and  the  face,  which  was  origi- 
nally straight  across  the  stream,  had  curved,  at  the  top,  3  feet  down 
stream.     Since  then,  no  perceptible  movement  has  shown  itself. 

The  water  is  conducted  to  the  mill  in  a  launder  18  inches  by 
36  inches  and  2050  feet  long,  with  a  fall  of  5  inches  in  100  feet.  At 
the  mill,  the  launder  discharges  into  a  steel  tank  8  feet  in  diameter 
and  10  feet  deep.     A  30  inch  cast  iron  pipe  leads  from  the  bottom 
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of  the  tank  and  passes  under  the  floor  of  the  mill,  where  it  is 
tapped  at  intervals  for  supplying  the  jigs  and  stamp  heads. 

This  water  supply  is  of  the  greatest  importance  to  the  com- 
pany, as  wdthout  it,  the  chances  are  that  the  company  would  have 
to  suspend  operations.  When  it  i^  taken  into  account  that  about 
30  tons  of  water  are  used  in  the  washing  of  a  single  ton  of  rock, 
and  that  this  company  treats  from  iioo  to  1200  tons  of  rock  daily, 
it  would  be  out  of  the  question  to  lift  this  large  bulk  of  water  with 
a  pump,  where  the  value  in  the  rock  is  as  low  as  it  is  at  this  mine. 


Editors  reprinting  articles  from  this  journal  are  requested  to  credit  both 
the  Journal  and  the  Society  before  which  such  articles  were  read. 
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THE  40-IJfCH  TELESCOPE  OF  THE  YEKKES 
OB8ERVATOKY. 


By  Wm.  E.  Reed,  M.E.,  Member  the  Civil  Engineers'  Club  of 

Cleveland. 


[Read  before  the  Club,  July  13,  1897.*] 

Some  years  ago  the  University  of  Southern  Cahfornia,  desir- 
ous of  having  a  telescope  still  larger  than  that  of  her  sister  institu- 
tion, whose  observatory  was  given  by  Mr.  Lick,  ordered  of  the 
late  Alvan  G.  Clark  an  object  glass  which  should  have  a  clear 
aperture  of  40  inches,  the  largest  refracting  objective  attempted 
up  to  that  time. 

Shortly  after  the  order  was  placed,  Mr.  Clark  visited,  in 
Paris,  the  works  of  Mantois,  who — partly  as  the  successor  of  Fell, 
but  largely  on  account  of  his  own  skill  in  the  art — had  become  so 
successful  and  famous  as  a  manufacturer  of  optical  disks,  especially 
of  the  largest  sizes.  Here  he  picked  out,  from  the  glass  castings 
which  had  comprised  a  portion  of  Mantois's  exhibit  at  the  Paris 
Exposition  in  1889,  a  crown  and  flint  disk,  in  his  judgment  the 
most  perfect  to  be  had.  These  disks,  however,  were  not  destined 
to  be  finished  for  this  University  of  the  Pacific  Slope;  for,  soon 
after  the  order  was  placed,  both  the  president  of  the  University 
and  the  patron  who  had  offered  to  provide  the  glass  died,  so  the 
lenses  remained  in  statu  quo  at  the  works  of  the  Cambridge 
maker  for  some  time.  The  train  of  events,  which  finally  resulted 
in  securing  them  for  the  University  of  Chicago,  is  not  without 
interest,  for  it  is  only  another  illustration  of  the  fact  that  often 
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seemingly  trivial  incidents  are  really  important  links  in  history's 
chain.  Mr.  Clark  was  attending  a  meeting  of  the  American  So- 
ciety for  the  Advancement  of  Science,  held  in  Rochester,  and  in 
conversation  with  Professor  Hale — of  whose  great  interest  in 
astronomy  he  was  well  aware,  from  the  results  already  attained  at 
the  latter's  own  private  observatory  at  Kenwood — mentioned  the 
disks  that  were  still  in  his  possession,  and  spoke  of  his  desire  that 
some  University,  that  could  put  them  to  the  best  use,  should  have 
them  finished  and  suitably  mounted,  in  order  that  they  might  be  of 
service  in  advancing  the  work  of  American  astronomers.  On  his 
return,  Professor  Hale  sought  an  interview  with  President  Har- 
per, of  the  University  of  Chicago,  who  was  much  interested  in  the 
subject,  and  together  they  laid  the  matter  before  Mr.  Yerkes,  with 
the  result,  as  is  well  known,  that  the  lenses  were  purchased,  and 
Mr.  Clark  was  instructed  to  finish  them  in  the  most  perfect  man- 
ner possible.  Mr.  Yerkes  also  entrusted  the  contract  for  a  suit- 
able mounting  to  carry  these  precious  bits  of  glass,  to  Messrs. 
Warner  &  Swasey,  of  this  city,  whose  mounting  of  the  largest 
refracting  telescope  until  then  constructed  (the  36-inch  on  Mount 
Hamilton)  had  already  been  demonstrated  a  complete  success. 

The  contract  for  mounting  this  instrument  was  given  late  in 
November,  1892,  and,  although  at  that  time  there  was  not  a 
scrap  of  drawing  made  toward  its  design,  yet  by  special  effort  the 
instrument  was  gotten  out,  and,  as  many  will  remember,  was  ex- 
hibited in  the  main  aisle  of  the  Liberal  Arts  Building  at  the 
World's  Columbian  Exposition  in  1893.  The  lens,  of  course,  was 
not  finished  at  this  time;  and,  in  fact,  some  of  the  smaller  details 
of  the  instrument  itself  were  not  completed;  yet  it  was  set  up  in 
working  order,  much  to  the  delight  of  those  who  were  interested 
in  astronomical  matters.  Neither  was  the  final  location  of  the 
instrument  determined  at  this  time,  although  it  was  decided  that 
the  observatory  should  be  within  a  radius  of  100  miles  from  the 
University  of  Chicago,  and  probably  in  a  direction  northward. 
It  was  of  the  utmost  importance  that  a  place  should  be  found  not 
only  sufficiently  far  away  from  the  smoke  of  the  city  and  the 
glare  of  its  lights,  so  that  these  elements  should  not  interfere  with 
the  observations  to  be  made  with  the  new  instrument,  but  also  at 
a  safe  distance  from  the  encroachment  of  the  growing  city  in  years 
to  come. 

A  number  of  prominent  observatories  have  been  located  on 
mountain  tops,  notably  the  Lick  on  Mount  Hamilton;  and  it  is 
often  asked  whether  it  is  not  essential  that  such  centers  of  astrono- 
mical investigation  should  be  placed  on  similar  elevations.     While 
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a  mountain  has  its  advantages  for  such  a  site,  it  also  has  its  draw- 
backs, chief  among'  which  is  the  atmospheric  disturbance,  caused 
by  the  different  degrees  of  temperature  to  which  the  air  on  the 
opposite  sides  of  the  mountain  is  heated.  The  reason  is  obvious, 
for  the  sun  shines  more  intensely  on  one  side,  heating  that  surface 
most,  and  causing  the  air  above  it  to  rise  more  rapidly  than  on  the 
other  sides.  At  the  summit  it  comes  in  contact  with  the  cooler 
air,  giving  rise,  at  once,  to  an  atmospheric  disturbance  of  no  small 
consequence,  which,  in  certain  classes  of  work,  is  prohibitive  of 
useful  results,  and  in  most  cases  renders  the  use  of  the  instrument 
out  of  the  question  for  solar  observations.  Were  the  location  of 
such  an  observatory,  however,  in  the  midst  of  an  extended  plain, 
the  disturbance  caused  from  dififerently  heated  vertical  strata  of  air 
would  be  very  largely  done  away;  and,  of  course,  the  matter  of  a 
few  thousand  feet  of  elevation  more  or  less  is  of  little  importance, 
except  that  in  some  cases  it  takes  the  astronomer  into  a  region  of 
sky  less  frequently  clouded,  or  removes  him  from  local  disturb- 
ances, such  as  artificial  light,  dust  particles,  smoke,  etc. 

The  site  finally  chosen  for  the  location  of  the  40-inch  equato- 
rial has  many  of  the  advantages  of  a  plain.  It  is  situated  on  the 
edge  of  the  Big  Foot  prairie,  so  named  by  the  Indians,  and  on  the 
north  bank  of  a  small  and  picturesque  lake  in  the  southern  por- 
tion of  Wisconsin.  The  shores  of  this  lake  have  for  years  been 
dotted  with  the  svunmer  homes  of  people  from  the  large  cities  near 
by;  and  the  location,  in  all  probability,  is  destined  to  be  always 
removed  from  large  manufacturing  interests.  The  observatory 
is  about  75  miles  northwest  from  Chicago,  on  a  hill  240 
feet  above  the  lake,  and  1200  feet  above  the  level  of  the  sea.  It 
is.  a  mile  and  a  half  from  the  village  of  Williams  Bay,  which  is 
the  terminus  of  the  nearest  railroad,  and  that  is  but  a  branch  of  the 
Northwestern  system.  There  are  no  arc  lights  to  disturb  the  ob- 
servations of  the  astronomer,  nearer  than  those  of  the  town  of 
Geneva,  which  is  at  the  opposite  end  of  the  lake,  a  distance  of 
8  or  9  miles. 

The  general  arrangement  of  the  building  itself— which,  with 
its  appointments,  is  also  the  gift  of  Mr.  Yerkes  to  the  University 
of  Chicago — was  suggested  by  Professor  Hale,  the  present  director, 
who  had  spent  considerable  time  in  visiting  prominent  observa- 
tories, both  in  this  country  and  abroad.  The  designs  were  given 
to  Mr.  Henry  Ives  Cobb,  whose  Fisheries  Commission  Building 
at  the  World's  Fair  will  long  be  remembered,  and  by  him  were 
brought  to  a  most  successful  architectural  issue,  without  in  any 
way  detracting  from  those  purely   scientific  features,   which   the 
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astronomers  were  so  anxious  to  retain.  In  general,  the  building 
is  arranged  in  the  shape  of  a  Roman  cross,  the  long  axis  being  east 
and  west,  and  having  a  length  of  326  feet.  At  the  west  end  of  the 
building  is  the  immense  tower  and  dome  which  houses  the  great 
star  searcher.  At  each  end  of  the  arms  of  the  cross — which  are  at 
the  eastern  extremity — are  small  domes  for  12-inch  and  16-inch 
telescopes,  respectively,  wdiile  the  central  portion  of  the  eastern 
end  is  designed  especially  for  a  large  meridian  circle  room. 
The  arms  of  the  cross  extend  relatively  a  considerable  distance 
from  the  rest  of  the  building,  so  that  the  great  dome  will  not 
prove  a  serious  obstacle  to  observations  in  the  western  heavens 
from  the  smaller  towers. 

The  observatory  is  built  of  brown  roman  brick,  and  orna- 
mented with  decorations  of  the  same  color  in  terra-cotta.  The 
pillars,  wliich  figure  so  prominently  in  supporting  the  archway  of 
the  beautiful  central  entrances — just  alike  on  l)oth  sides — suggest 
those  of  the  Fisheries  Commission  lUiilding,  in  the  clever  use  the 
architect  has  made  of  the  grotesque  in  ornamentation.  The  cen- 
tral portion  of  the  building  is  but  a  single  story  high,  though  a 
large  attic  extends  its  whole  length,  and  a  well-lighted  basement 
is  available  for  laboratories,  and  for  a  machine  shop  for  the  con- 
struction and  repair  of  such  instruments  as  may  be  needed  at  the 
observatory.  Besides  these,  there  are  also,  in  the  basement,  rooms 
especially  adapted  for  the  necessary  photographic  work,  which  has 
come  to  occupv  so  large  a  place  in  modern  astronomical  research. 
The  main  floor  is  divided  longitudinally  by  a  Ijcautiful  hallway 
with  mosaic  floor  and  marble  wainscoting,  and  is  occupied  by  the 
director  and  his  stafif  for  oflfices.  There  are,  besides,  some  small 
laboratories,  and  a  well-appointed  library,  which  commands  an 
exceptionally  fine  view  of  the  lake,  and  makes  an  ideal  place  for 
quiet  study. 

As  the  subject  of  this  paper  is  more  especially  connected  with 
the  contents  of  the  west  tower  and  dome  of  the  building,  a  word 
or  two  regarding  this  ])()rtion  may  be  of  interest.  .  The  tower  itself 
is  92  feet  in  diameter,  and  is  built  of  masonry  to  a  height  of  52^ 
feet.  A  balcony,  44  feet  from  the  ground,  commands  an  extended 
view  of  the  surrounding  country,  and,  together  with  the  special 
relief  work  of  pillars  and  arches  just  below,  adds  greatly  to  the 
beauty  of  this  imposing  structure.  The  dome  which  surmounts 
it  is  90  feet  in  diameter,  and,  contrary  to  the  pattern  followed  at 
some  other  large  observatories,  a  cross-section  shows  that  the 
dome,  while  a  hemisphere  above  the  plane  wdiich  includes  the 
center  of  motion  of  the  instrument,  is  cylindrical  below  it  for  a 
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distance  of  9  feet.  This  additional  height  greatly  improves  its 
appearance,  doing  away  Avith  the  flat  and  sqnatty  effect  which  is 
so  evident  in  domes  that  are  only  hemispherical.  The  frame 
throughout  is  steel,  and  is  built  up  of  latticed  girders  riveted  to  an 
immense  horizontal  circle,  also  of  lattice  construction.  The  dome 
is  supported  by  26  wheels,  practically  of  the  size  and  shape  of 
ordinary  car  wheels  without  the  flanges,  and  their  axles  run  in 
special  anti-friction  roller  bearings  placed  on  each  side  of  the 
wheels.  The  outside  of  the  journal  boxes  is  spherical  in  shape, 
and  held  in  pillow  blocks  to  correspond,  thus  allowing  for  self- 
adjustment  and  preventing  their  cramping.  The  wheels  run  on  90- 
pound  T  rails,  which  are  held  on  a  circular  cast-iron  supporting 
ring  anchored  to  the  masonry  walls. 

The  dome  is  covered  with  wood,  tinned  on  the  outside  and 
painted.  Instead  of  the  covering  being  bent  to  conform  to  a  true 
spherical  shape,  the  wood  work  is  put  on  straight ;  that  is,  sections 
through  the  dome,  perpendicular  to  its  axis  of  rotation,  are  not 
circles,  but  polygons  of  twenty-two  sides  each,  the  corresponding 
sides  of  such  successive  sections  being  shorter  as  they  approach 
the  zenith.  These  tapering  panels — which  do  not  materially 
change  the  shape  of  a  dome  from  a  spherical  form — improve  its 
appearance,  and  provide  a  more  tasteful  and  satisfactory  forhi  of 
construction.  This  great  dome  weighs,  complete,  140  tons,  and  is 
easily  revolved  by  means  of  an  endless  cable,  which  connects  it 
with  the  operating  luechanism.  A  circle,  nearly  of  the  diameter 
of  the  dome  itself,  made  of  angle  iron,  with  the  inner  leg  vertical 
and  the  other  horizontal — forming  thus,  as  it  were,  a  flanged  pul- 
ley— is  secured  to  the  lower  inner  edge  of  the  dome,  and  in  its 
groove  rests  the  endless  steel  cable,  which  wraps  almost  entirely 
around  its  circumference.  At  one  point,  however,  the  cable  is  led 
off  and  back  again  tangentiallv  by  means  of  guiding  sheaves,  from 
which  it  runs  to  the  operating  mechanism  below.  This  controlling 
device,  carrying  with  it  the  great  dome,  is  easily  set  in  motion, 
either  by  an  electric  motor  or  by  a  hand  rope  conveniently  ])laced 
so  that  the  operator  has  access  to  it  from  the  elevating  floor,  or 
from  the  upper  balcony. 

It  is  necessary  that  the  dome  should  be  made  to  revolve,  in 
order  that  its  shutter  opening  may  be  brought  to  a  place  opposite 
the  objective  end  of  the  tube  of  the  great  telescope,  in  whatever 
position  that  may  be;  and  to  make  a  dome  with  a  large  ])arallel 
opening  12  feet  wide,  extending  from  the  horizon  to  a  point  5  feet 
beyond  the  zenith,  and  to  provide  for  easily  opening  and  closing 
the  shutters  which  cover  it,  adds  not  a  little  to  the  interest  and 
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intricacy  ®f  the  problem.  To  provide  the  necessary  stiffness  for 
the  dome  with  this  opening,  two  latticed  girders,  much  larger  and 
heavier  than  the  rest,  extend  from  the  base  ring  through  the  zenith 
to  the  base  again,  parallel  to  each  other  and  ecjuidistant  from  the 
center.  These  girders  are  2^  feet  deep  at  their  extremities,  and  4 
feet  at  the  zenith,  and  into  these  great  vertebrae  the  other  ribs  are 
fastened,  instead  of  meeting  in  the  zenith,  as  would  be  the  case 
were  there  no  shutter  openings  in  the  dome.  At  the  base  of  each 
of  these  immense  girders  are  placed  trucks,  with  two  wheels  instead 
of  one,  as  is  the  case  elsewhere,  for  it  will  readily  be  seen  that  the 
greater  portion  of  the  weight  of  the  dome  rests  at  these  points. 
The  two  shutters,  which  cover  this  space,  open  from  the  center 
outward,  and  are  85  feet  long.  They  are  supported  on  tangential 
tracks  at  their  extreme  upper  and  lower  ends,  and  they,  too,  run 
on  wheels  wath  anti-friction  bearings,  working  so  easily  that  a 
direct  pull  of  75  pounds  will  move  them.  In  practice,  however, 
both  shutters  work  simultaneously,  and  are  maintained  parallel  to 
each  other  throughout  their  entire  travel  by  special  mechanism. 
These  great  doors  are  operated  by  means  of  a  hand  rope  conveni- 
ently placed,  and  a  direct  pull  of  a  few  pounds  only  is  required  to 
open  or  close  them,  though  they  weigh  9  tons  each. 

A  unic|ue  accessory  to  the  shutter — and  one  which  will  no 
doubt  be  much  in  use — consists  of  two  canvas  curtains  which  run 
independently  of  each  other  on  tracks  just  underneath  the  shutter 
opening  and  inside  the  dome.  The  curtains  are  placed  end  to  end, 
their  combined  length  being  greater  than  that  of  the  shutter,  and 
their  breadth  a  trifle  greater  also.  Light  and  strong  steel  stays  are 
placed  crosswise  of  the  canvas,  throughout  its  length,  at  frecjuent 
and  equal  intervals,  and  terminate  at  each  end  in  trucks,  each  hav- 
ing two  w^heels  which  run  upon  the  special  track  pi'ovided  for 
them.  As  each  curtain  can  be  moved  up  and  down  without  inter- 
fering with  the  other,  and  then  clamped,  it  becomes  a  simple  matter 
to  bring  the  upper  curtain  to  such  a  place  that  it  will  cover  the 
portion  of  the  opening  above  that  through  which  the  great  objec- 
tive is  peering,  and  the  lower  one  till  it  covers  all  below  it,  thus 
shutting  out  wind,  light  and  otiicr  elements  of  annoyance  to  the 
astronomer,  from  practically  all  that  i)art  of  the  opening  which  is 
not  actually  in  use. 

Having  looked  somewhat  hurriedly  at  the  general  arrange- 
ment of  the  building  and  the  outside  of  the  dome,  let  us  now  turn 
our  attention  within. 

The  inside  of  the  tower  is  one  great  circular  room,  which  one 
enters  upon  a  level  with  the  elevating  floor  in  its  lowermost  posi- 
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tion,  reaching  it  from  the  broad  hallway  of  the  main  building  by  a 
beautiful  marble  stairway.  At  this  height  there  is  also  the  lower 
of  the  two  balconies,  which  extend  entirely  around  the  inside  of  the 
dome,  making,  when  the  elevating  floor  is  at  its  lowest  or  upper- 
most position,  a  continuous  floor,  85  feet  in  diameter.  The  lower 
balcony  is  21  feet  above  the  basement,  and  the  one  above  is  23  feet 
higher,  the  latter  being  reached  by  a  narrow  iron  stairway  from  the 
lower  balcony,  and  a  similar  one  also  leads  down  to  the  basement. 
The  upper  balcony  is  on  the  same  level  with  the  one  outside,  to 
which  we  have  already  referred,  and  easy  access  from  one  to  the 
other  is  had  by  means  of  four  doors  with  glass  sash.  There  are, 
however,  comparatively  few  windows  in  the  tower,  4  at  the 
level  of  the  upper  balcony,  16  just  above  the  lower  balcony,  and  13 
narrow  windows  near  the  ground  floor. 

One  of  the  most  important  accessories  within  the  dome,  aside 
from  the  instrument  itself,  is  the  great  elevating  floor.  This  is  cir- 
cular in  shape,  75  feet  in  diameter,  conforming,  with  slight  allow- 
ance for  clearance,  to  the  inner  diameter  of  the  balconies.  In  its 
center,  or  practically  so,  is  a  rectangular  opening,  of  such  size  that, 
as  the  floor  moves  up  and  down,  it  nowhere  touches  the  telescope 
column.  The  necessity  for  having  the  floor  rise  and  fall  is  obvious, 
when  one  considers  that  from  it  the  astronomer  makes  his  observa- 
tions, and  that  the  height  of  the  eye  end  of  the  instrument  when 
pointing  to  the  zenith  is  very  different  from  that  when  the  tele- 
scope is  directed  to  points  near  the  horizon.  In  smaller  observato- 
ries an  observing  chair,  arranged  somewhat  like  a  broad  stepladder, 
and  having  a  sliding  seat  in  the  central  portion,  answers  every 
purpose;  but,  with  so  large  an  instrument  as  this,  it  is  not  only 
necessary  to  have  the  observing  chair,  but,  in  addition,  to  cause  the 
floor  to  rise  and  fall,  in  order  to  give  the  observer  easy  access  to  the 
eye  end  of  the  instrument.  The  highest  position  to  which  the 
floor  rises  is  on  a  level  with  the  upper  balcony,  and  its  lowest  posi- 
tion is  at  the  same  height  as  the  lower  balcony,  thus  giving  it  a 
movement  of  23  feet.  In  its  uppermost  and  lowermost  positions, 
it  is  readily  reached  from  the  balconies.  For  intermediate  posi- 
tions, the  stairway,  which  connects  them,  and  which  is  at  their 
outer  edge,  furnishes  a  convenient  means  of  access  to  it.  The 
floor  is  built  of  latticed  steel  girders  in  the  shape  of  a  square,  which 
together  with  the  necessary  cantilevers,  support  the  practically 
circular  I  beam  which  forms  the  edge.  The  girders  are  covered 
with  pine  flooring,  laid  on  spiking  strips,  and  finished  with  an 
oiled  maple  floor,  the  whole  being  suspended  by  steel  cables  from 
each  of  the  four  corners  of  the  square  steel  frame-work.     These 
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cables  run  over  sheaves  at  the  top  of  the  latticed  columns,  in  which 
run  the  counterweig-hts,and  to  them  the  other  ends  of  the  cables  are 
fastened.  For  raising  and  lowering  the  floor,  cables  are  run  from 
the  operating  drums  to  the  under  side  of  the  counterweights,  and 
from  the  same  drums  to  the  under  side  of  the  floor  at  each  of  the 
respective  corners  of  the  framework,  thus  allowing  the  floor  to  be 
balanced  as  nearly  as  possible,  since  the  operating  mechanism  will 
either  pull  the  weights  down  when  it  is  desired  to  raise  the  floor, 
or  will  pull  the  floor  itself  down,  in  case  it  is  to  be  lowered.  The 
drums  are  revolved  by  worm  gearing,  and  all  four  of  the  worm 
shafts  themselves  are  brought,  by  means  of  shafting  and  bevel  gear- 
ing, to  a  common  point  near  the  center,  where  they  are  operated 
by  a  single  motor.  In  this  way,  the  position  of  the  floor  is  main- 
tained parallel  to  itself  throughout  its  entire  motion,  and,  owing  to 
the  counterbalancing,  the  motor  has  little  to  do  beside  overcoming 
the  inertia  of  the  moving  parts,  though  the  weight  of  the  floor  is 
45  tons. 

Both  the  floor  and  the  dome  above  it  were  designed  by  Messrs. 
Warner  &  Sw^asey,  the  execution  and  details  of  their  plans  having 
been  most  excellently  carried  out  by  the  King  Bridge  Companv  of 
this  city. 

In  the  center  of  this  great  tower  rise  the  pier  and  column  of 
the  telescope.  The  pier  is  built  upon  a  concrete  base  28x34  feet, 
5  feet  thick.  It  is  of  brick  work  20x24  feet  at  the  base,  tapering 
to  15^x194  feet  at  the  top,  where  it  is  capped  by  an  inmiense  stone 
coping  in  four  pieces,  18  inches  thick,  the  capstone  being  21  feet 
above  the  concrete  base.  Upon  this  rests  the  cast-iron  column, 
wdiich  is  made  in  five  sections,  exclusive  of  the  head.  The  lower 
section  differs  materially  in  shape  from  the  others,  and,  in  fact,  is 
the  only  one  not  cast  in  a  single  piece.  It  provides  a  broad  base, 
tapering  by  easy  and  graceful  curves  in  a  height  of  5  feet  from  14 
feet  by  18  feet  at  the  bottom,to  a  rectangle  6  feet  by,  10  feet  4  inches, 
on  which  rests  the  upper  and  straight  portion  of  the  column.  The 
slope  of  the  base  is  not  ecjual  on  all  sides,  however,  owing  to  the 
fact  that  the  tube  and  axes  above  bring  the  center  of  gravity  much 
nearer  the  north  end  of  the  column  than  the  south,  and  the  base  is, 
therefore,  much  broader  on  this  side.  It  is  not  only  strongly  ribbed 
vertically,  but  there  is  a  solid  support  under  the  portion  on  which 
the  column  rests,  extending  to  the  very  capstone,  and  thus  securing 
for  the  column  the  greatest  rigidity.  The  upper  sections  of  the 
column  are  rectangular  cast-iron  shells,  each  about  6i  feet  high, 
and  tapering  ;S  inch  per  foot.  The  center  of  motion  of  the  instru- 
ment, in  the  head  which  surmounts  the  cohunn,  is  43^  feet  above 
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the  coping-stone  of  the  pier.  At  the  south  end  of  the  cohnnti  is 
the  spiral  staircase,  extending  from  the  capstone  to  the  balcony 
around  the  ecjuatorial  head,  there  being  also  a  landing  at  the  upper 
section  of  the  colnnm,  in  which  are  the  driving  clock  and  otlier 
accessories. 

Having  now  noticed  the  su]:)]xjrting  colnnm  of  the  great  tele- 
scope, and  its  location  in  the  building,  let  ns  turn  our  attention  for 
a  moment  .to  that  which  makes  necessary  the  design  and  construc- 
tion of  this  great  astronomical  engine — namely,  the  objective  itself. 
This  portion  of  the  instrument  is  often  surrounded  with  so  great  a 
halo  of  wonderment,  emanating  chiefly  from  the  imagination  of 
such  newspaper  writers  as  are  not  altogether  familiar  with  its  use 
or  construction,  that  not  a  few  of  us  are  at  a  loss  to  know  what  it 
is  lawful  to  believe,  and  what  is  purely  fiction.  It  may,  therefore, 
be  of  interest  to  speak  briefly  of  the  lens  itself,  and  of  its  transporta- 
tion to  the  observatory.  As  has  already  been  widely  heralded,  the 
lens  and  cell  were  brought  from  Mr.  Clark's  factory  at  Cambridge- 
port,  Mass.,  in  a  Pullman  car.  They  were  the  contents  of  three 
large  boxes  about  5  feet  scjuare,  and  from  a  foot  to  18  inches  thick. 
The  smaller  boxes  contained  the  lenses  and  the  larger  one  the  cell, 
in  which  they  were  to  be  held.  The  objective  is  composed  of  two 
lenses,  a  crown  and  a  flint.  Tlie  crown  lens  is  double  convex,  and 
is  2^  inches  thick  at  the  center,  and  'l  inch  thick  at  the  edge; 
while  the  flint,  which  is  practically  plano-concave,  is  2  inches  thick 
at  the  edge  and  i|  inches  at  the  center,  both  lenses  being  41^  inches 
in  diameter.  Each  lens  was  wrapped  in  the  finest  and  heaviest 
felt,  which  was  sewed  around  the  circumference,  and  then  covered 
with  tough  wrapping  paper,  glued  at  the  edges  to  prevent  dust  and 
dirt  from  working  on  to  the  surface  of  the  glasses  themselves. 
These  parcels  were  packed  in  the  boxes  referred  to  with  an  abund- 
ance of  curled  hair,  some  of  which  had  served  a  similar  purpose  in 
the  transportation  of  the  Lick  objective,  but — newspapers  to  the 
contrary  notwithstanding — there  were  no  springs  for  supporting 
the  lenses  other  than  the  abundant  mass  of  spirally  curled  hair. 
The  cell  is  a  cast-iron  ring,  flanged  at  the  inner  edge,  and  has  a 
corresponding  flange  at  the  outer  edge.  The  portion  of  the  ring 
between  the  flanges  is  perforated  with  seven  equally  spaced  ellipti- 
cal holes,  to  allow  for  ventilation  and  for  cleaning  the  lenses;  but  a 
circular  band  or  shield  of  brass  is  so  arranged  that  these  ventilators 
are  easily  opened  or  closed  at  will.  The  glasses,  when  j^laced  in 
the  cell,  are  each  supported  at  three  points  on  aluminum  bearings, 
and  are  separated  by  a  distance  of  8J  inches.  After  the  lenses  were 
unpacked  and  were  carefully  dusted  with  a  camel's-hair  brush,  and 
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after  the  operator  had  wiped  them  clean  with  a  fine  cotton  cloth, 
breathing  on  them  now  and  then  to  supply  a  little  moisture,  Mr. 
Clark  asked  three  or  four  of  the  gentlemen  present  to  carry  them  in 
their  hands  and  place  them  upon  the  simple  and  ingenious  jacks 
which  were  provided  for  lowering  them  into  the  cell.  Mention  is 
made  of  this  trivial  fact,  because  one  often  reads — in  the  ever-pres- 
ent newspaper — of  the  ruinous  elTects  of  barely  touching  optical 
work. 

The  cell  and  its  lenses  weigh  about  looo  pounds,  and  to  sup- 
port this  precious  weight  rigidly,  and  to  make  provision  for  observ- 
ing and  for  magnifying  the  real  image  which  it  brings  to  a  focus  6i 
feet  awa}^,  as  well  as  to  enable  the  astronomer  to  point  it  at  will  to 
any  object  in  the  heavens,  is  the  problem  that  confronts  the  engi- 
neer; nor  is  this  all,  for  jarring  and  vibration  vitiate  observa- 
tion, and  from  these  the  instrument  must  be  free.  To  support 
this  cell  and  its  lenses,  a  great  tube  is  made,  59  feet  3  inches  long. 
It  weighs  six  tons,  and  is  built  up  of  sheet  steel  in  five  sections,  or 
four  tubes  of  nearly  equal  length,  and  a  central  one  which  is  short, 
but  very  strong.  Each  section  terminates  in  a  steel  flange,  faced 
true,  thus  furnishing  means  for  bolting  the  several  tubes  together 
in  accurate  alignment.  All  rivet  holes  were'drilled,  the  steel  plates 
being  bent  about  special  forms  for  \he  purpose.  The  central  sec- 
tion is  52  inches  in  diameter,  and  from  it  the  tube  tapers  slightly, 
in  both  directions.  It  not  only  has  the  steel  flanges  at  the  edge, 
but  several  steel  rings  inside  to  stiffen  it,  and  to  provide  means  for 
attaching  it  to  the  declination  axis. 

The  cell  is  bolted  to  the  corresponding  flange  at  the  end  of 
the  steel  tube  by  means  of  six  bolts,  arranged  in  pairs,  each  pair 
being  equally  spaced  with  reference  to  the  others,  around  the  cir- 
cumference, and  between  the  two  bolts  of  each  pair  is  an  abutting 
screw,  so  that  the  cell  actually  rests  on  three  points,  thus  bringing 
the  least  possible  strain  u])on  the  lenses  themselves,  and  providing 
accurate  collimation. 

The  declination  axis,  to  which  the  tube  is  bolted,  is  held  in 
an  immense  sleeve  of  cast  iron,  which,  in  turn,  is  bolted  to  the  up- 
per end  of  the  polar  axis,  at  right  angles  to  it,  and  at  a  position  as 
near  to  the  tube  as  possible,  so  that  a  minimum  weight  at  the  end 
of  the  declination  axis  shall,  with  its  long  leverage,  balance  the 
weight  of  the  tube  about  the  polar  axis.  To  accomplish  this,  a 
long  brass  screw,  with  heavy  steel  center,  is  fastened  to  the  end  of 
the  declination  sleeve,  and  carries  circular  cast-iron  weights  of 
about  225  pounds  each,  which  can  readily  be  moved  backward  and 
forward  upon  it,  to  allow  for  changes  in  the  weight  of  the  acces- 
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series  used  upon  the  tube  itself.  The  polar  axis  is  held  in  immense 
bearings  m  the  equatorial  head  of  the  column,  and  its  angle  of  in- 
clination corresponds  exactly  to  the  latitude  of  the  observatory 
where  it  is  located. 

The  polar  axis  has  no  motion  except  one  of  rotation  in  its 
bearings,  but  the  declination  axis,  which  is  at  the  upper  end,  not 
only  has  its  motion  of  rotation,  carrying  with  it  the  tube,  but  is 
itself  rotated  about  the  polar  axis.  Thus  it  will  be  seen  that  the 
tube  has  two  distinct  motions,  one  on  the  declination  axis,  which 
is  nearly  midway  of  the  length  of  the  tube  and  at  right  angles  to  it, 
and  the  other  on  the  polar  axis,  which  carries  the  declination  axis 
and  the  tube.  Since  the  polar  axis  is  parallel  to  the  axis  of  the 
earth,  it  is  evident  that  if  it  is  given  an  angular  motion  equal  to 
that  of  the  earth,  and  opposite  to  it  in  direction,  any  portion  or 
extension  from  it  will  maintain  unchanged  its  position  relative  to 
fixed  bodies  beyond  our  sphere;  and,  the  axis  being  fixed,  it  be- 
comes a  simple  matter  to  fasten  to  it  suitably  a  large  worm  wheel, 
and  to  drive  the  worm  by  clockwork,  thus  giving  the  tube  a  mo- 
tion corresponding  to  that  of  the  earth.  To  drive  the  instrument 
at  such  a  rate  does  not  require  very  great  power,  even  though  it 
has  to  move  a  mass  of  20  tons,  for  it  turns  it  at  the  rate  of  but 
one  revolution  in  a  siderial  day  of  23  hours,  56  minutes,  4.09  sec- 
onds. 

Both  of  the  axes  of  which  we  have  been  speaking  are  made 
of  steel,  the  polar  axis  being  15  inches  in  diameter,  13^  feet  long, 
and  weighing  3.^  tons,  while  the  declination  axis  is  12  inches  in 
diameter,  1 1-|  feet  long,  and  weighs  i^  tons.  They  are  both  hollow 
steel  forgings;  for,  in  order  to  secure  the  necessary  automatic  mo- 
tions of  the  tube,  to  be  described  later,  shafts  transmitting  this 
motion  must  be  brought  through  their  centers  to  the  necessary 
gearing. 

Both  axes  are  held  in  great  babbitt  bearings;  but,  to  relieve 
them  from  unnecessary  friction,  live  rings,  or  anti-friction  roller 
bearings,  are  so  arranged  that  they  take  the  greater  part  of  the 
weight,  the  babbitt  boxes  serving  chiefly  the  important  part  of 
maintaining  the  axes  always  in  their  proper  positions.  The  roller 
bearings  for  the  larger  (polar)  axis  can  be  adjusted  once  for  all, 
since  its  position  is  fixed,  but  in  the  case  of  the  declination  axis 
these  roller  bearings  must  support  the  weight  for  positions  which 
are  constantly  changing.  To  arrange  for  this,  an  ingenious  sys- 
tem of  compound  levers  is  provided,  which  not  only  supports  the 
weight  through  a  plane,  but  in  any  position  through  360°.     By 
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compounding  the  levers,  the  necessary  actuating  weight  is  reduced 
to  a  minimum. 

Tlie  clock  which  drives  this  instnmient  is  placed  in  a  section 
just  ])elow  the  head;  it  is  driven  by  a  weight  of  about  i\  tons,  sus- 
pended by  a  steel  cable  from  a  grooved  drum.  This  druiu,  bv 
means  of  the  necessary  gearing  and  shafting,  revolves  the  worm,  to 
which  we  have  already  referred,  and  it  in  turn  revolves  the  worm 
wheel  fastened  to  the, polar  axis.  The  clock  is  governed  by  a 
double  conical  pendulum  mounted  isochronously,  and  the  balls  of 
the  pendulum  are  so  arranged  that  rotating  them  on  their  axes 
furnishes  a  means  of  slightly  altering  the  speed  of  the  clock;  but, 
after  the  proper  rate  is  once  found,  it  is  rarely  necessary  to  change 
them,  for  the  gearing  is  in  triplicate,  so  that  either  solar,  lunar  or 
siderial  time  can  be  secured  by  making  the  proper  change.  To 
do  this,  it  is  necessary  only  to  tt:rn  a  lever  to  the  proper  position  on 
a  dial.  The  clock  weight  can  easily  be  wound  by  hand,  but  an 
electric  motor,  so  arranged  that  the  weight  cable  operates  its 
switch,  starting  it  when  the  clock  is  nearly  run  down,  and  stopping 
it  jtist  before  it  is  fully  woimd  up,  is  still  easier  and  less  liable  to  be 
forgotten.  This  form  of  clock  governs  the  speed  of  the  instrument 
with  wonderful  exactness,  and  that  under  great  changes,  since  it 
must  readily  maintain  its  own  speed  constant,  either  when  merely 
running  alone,  or  when  carr\ing  the  whole  movable  mass  of  the  in- 
strument, for  during  the  astronomer's  observations,  the  clock  must 
be  ready  at  any  instant  to  keep  the  telescope  pointed  to  the  object 
which  he  wishes  to  follow. 

Simply  to  mount  a  mass  of  20  tons,  distributed  as  this  is, 
so  that  the  observer,  at  the  eye  end  of  the  tube,  should  be  able  to 
move  it  at  will  to  jiositions  within  the  range  of  his  reach,  would  be 
a  comj)aratively  easy  task;  but  nmcli  more  is  required.  The  ob- 
server must  be  enabled  readily  to  point  the  objective  to  the  zenith 
and  again  to  the  horizon,  either  on  the  east  side  of  the  cohunn  or 
on  the  west,  and  the  various  positions  through  which  the  eye  end 
travels,  ere.il  reaches  the  desired  location,  are  such  that  it  would 
be  impossil)le  for  the  observer  to  push  and  ])u]l  the  big  tid)e 
through  more  than  a  linu'ted  space,  h^  ir  this  reason,  there  are 
placed  at  the  north  end  of  the  column,  where  they  can  ])e  easil>' 
reached  by  an  assistant  standing  in  the  balcony,  two  hand  wheels 
which  resemble  those  in  the  pilot  box  of  a  small  yacht.  By  means 
of  shafting  and  gearing,  a  few  pounds'  pressure  on  one  is  sufficient 
to  turn  the  tube  on  the  declination  axis  in  either  direction;  or,  by 
turning  the  other  wheel,  motion  is  given  to  the  tube  on  the  polar 
axis,  so  that,  from  the  balcony,  one  can  at  will  point  the  great  tube 
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toward  any  portion  of  the  heavens;  and,  for  liis  aid  in  so  doing, 
coarse  and  fine  circles  are  provided  on  each  axis  indicating  the  de- 
grees and  hours — celestial  latitude  and  longitude — of  the  space  to- 
ward which  the  tube  is  pointing.  In  addition  to  these  "quick 
motions,"  by  hand,  two  electric  motors,  which  are  placed  in  the 
clock  room,  are  so  arranged,  by  special  gearing,  that  they  will  also 
move  the  tube  in  either  direction  on  either  axis.  Reversing 
switches,  especially  designed  for  the  purpose,  are  placed  near  the 
hand  wheels  in  the  balcony,  where  they  can  be  easily  operated  by 
the  assistant,  or  by  a  special  device  from  the  elevating  floor.  These 
switches  are  provided  with  stiff  springs,  in  such  manner  that  when 
the  operator  releases  his  grip,  they  automatically  throw  out.  Re- 
sort was  had  to  this  device,  lest  otherwise  the  motors  might  some 
time  be  left  running  and  carry  the  tube  too  far. 

The  motions  thus  far  mentioned,  except  that  of  the  clock,  are 
for  rough-setting  the  instrument;  that  is,  for  pointing  the  tube  ap- 
proximately to  the  desired  spot.  When  this  has  been  found,  the 
tube  is  clamped  in  position;  that  is,  by  devices  not  yet  mentioned 
the  tube  is  fastened  to  the  declination  sleeve,  so  that  it  no  longer 
turns  freely  on  its  axis,  and  the  polar  axis  is  clamped  to  the  worm 
gear,  driven  by  the  clock.  It,  therefore,  remains  for  us  to  describe 
the  slow  motions  by  which  the  operator  brings  the  object  into  the 
center  of  the  field. 

This  mechanism  is  the  same  in  both  right  ascension  and  de- 
clination; therefore,  let  us  confine  our  attention  to  that  in  declina- 
tion. 

A  large  ring,  the  inner  edge  of  which  is  wedge-shaped,  fits  into 
a  corresponding  groove  on  the  declination  sleeve,  the  groove  being 
in  a  plane  at  right  angles  to  the  axis  and  near  the  tube  end  of  the 
sleeve.  From  one  side  of  the  ring  there  projects  a  long  triangular 
arm,  the  base  of  which  is  attached  to  the  ring,  and  the  apex  termi- 
nates in  a  suitable  device  for  holding  a  special  l)ronze  nut.  On  the 
tube,  two  brackets  support  a  bronze  screw,  which  passes  through 
this  nut,  thus  connecting  the  lower  ])ortion  of  the  arm  with  the 
tube,  though  in  such  a  way  that,  if  the  arm  were  held  stationary, 
the  tube  could  be  given  a  slight  angular  motion  with  relation  to 
it,  bv  moving  the  nut  along  the  screw;  but,  when  the  arm  is  not 
held  fast,  the  ring  turns  freely  in  its  groove,  allowing  the  tube  to 
turn  on  the  declination  axis,  carrying  the  ring  and  arm  with  it. 
Since  the  sleeve,  on  which  the  ring  revolves,  is  stationary  with 
reference  to  the  declination  axis,  it  is  not  difhcult  to  clamp  the 
ring  to  it.  To  accomplish  this,  a  few  inches  of  the  wedge-shaped 
portion  of  the  ring  are  cut  away,  and  a  movable  bronze  wedge  is 
substituted.    A  screw  forces  the  wedge  forward,  clamping  the  ring 
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to  the  sleeve,  and  shafting  and  flexible  joints  connect  the  screw 
with  a  hand  wheel  at  the  eye  end  of  the  instrument,  so  that  the  ob- 
server can  readily  operate  it  from  that  point.  A  precisely  similar 
arrangement  allows  him  to  do  the  same  for  the  polar  axis,  although, 
in  that  case,  as  already  mentioned,  the  ring  is  clamped  to  the  worm 
wheel,  which  is  revolved  by  the  driving  clock.  These  clamps  are, 
however,  operated  electrically  as  well  as  by  hand.  A  pair  of  bell- 
cranks  is  placed  at  the  wedge,  and  to  one  of  the  long  arms  is  at- 
tached an  electro-magnet,  especially  designed  for  the  purpose,  and 
capable  of  pulling  from  looo  to  1500  pounds.  To  the  other  arm  is 
fastened  its  keeper.  In  operation,  the  magnet  brings  the  long 
levers  of  the  bell-crank  together  with  great  power,  and  the  short 
ends,  pressing  outward,  force  the  wedge  into  its  groove  as  the 
screw  does.  After  the  instrument  is  clamped,  the  long  arms  of  the 
bell-crank  are  held  together  by  a  latch,  so  that  it  is  not  necessary 
to  keep  the  current  on  the  magnet  for  more  than  a  moment.  To 
unclamp  the  instrument,  another  pair  of  magnets,  precisely  similar 
to  those  just  described,  is  provided,  for  releasing  the  latch.  That 
these  magnets  may  be  easily  operated,  suitable  switches  are  ar- 
ranged at  the  eye  end  of  the  tube,  within  convenient  reach  of  the 
astronomer,  who  has  merely  to  press  a  key  in  order  to  operate 
them.  If  he  prefers,  however,  the  hand  wheel  and  screw  are  at 
his  service,  for  each  method  is  entirely  independent  of  the  other. 

After  the  instrument  is  clamped,  turning  either  of  two  other 
hand  wheels  at  the  eye  end,  similar  to  those  just  referred  to,  and 
similarly  placed,  revolves  the  bronze  screw  of  either  slow  motion 
arm  in  either  direction,  thus  producing  slight  angular  motion  of  the 
tube  on  the  declination  or  polar  axis. 

In  this  instrument,  however,  there  is  still  another  means  at 
command  for  securing  slow  adjustment.  Especially  designed 
slow-speed  motors  are  so  arranged  that  they  will  revolve  the  nut  of 
the  slow-motion  arm,  while  the  screw  stands  still,  thus  giving  an 
independent  means  of  obtaining  precisely  the  same  results  as  are 
secured  when  the  screw  is  revolved  by  the  hand  wheel.  The  motor, 
however,  has  great  advantage  over  the  hand  wheel,  for  the  astrono- 
mer need  only  press  a  button,  which  is  much  easier  to  reach,  to  let 
subtle  electricity  do  the  rest.  The  press-button  switches  for  con- 
trolling the  slow  motions  and  clamps,  like  those  for  the  quick  mo- 
tions, are  provided  with  springs,  so  that  the  mechanism  which 
they  operate  is  in  use  only  so  long  as  the  switch  is  held  closed. 

Not  a  little  ingenuity  is  displayed  in  bringing  a  cable,  con- 
taining the  fourteen  separate  wires  for  operating  the  clamps  and 
motors,  from  the  stationary  portion  of  the  column  to  the  movable 
declination  sleeve,  and  from  the  sleeve  to  the  tube,  which  in  turn 
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moves  in  relation  to  the  sleeve,  and  from  there  down  to  the  eye 
end  of  the  instrument;  for  this  must  be  done  not  only  in  such  a  way 
that  the  wires  will  distribute  the  necessary  current,  so  hard  to  keep 
within  bounds,  but  so  that  they  will  in  no  way  interfere  with  the 
motion  of  the  instrument,  nor  be  in  danger  of  catching  and  break- 
ing asunder. 

We  have  already  spoken  of  the  electric  motors  which  revolve 
the  dome  and  raise  or  lower  the  observing  floor.  These  also  will 
be  controlled  by  switches  on  the  elevating  floor,  within  easy  reach 
of  the  observer.  When  one  switch  is  closed,  the  great  dome  turns 
until  its  manunoth  shutter  opening  commands  just  that  view  of  the 
heavens  which  the  astronomer  desires.  When  other  switches  are 
closed,  the  tube  moves  this  way  or  that  on  its  axes  until  it  points 
approximately  to  the  desired  spot.  The  closmg  ot  another  switch 
causes  the  floor  to  rise  or  fall  until  it  reaches  the  right  height  for 
the  most  convenient  observation.  The  observer  touches  a  button 
at  his  fingers'  end,  and  the  instrument  is  clamped,  so  that  the  clock, 
from  that  moment,  carries  the  tube  steadily  forward,  keeping  it 
upon  a  single  point  in  the  heavens,  regardless  of  the  motion  of  the 
earth.  He  touches  another,  and  the  slow  motions  bring  the  object 
of  his  search  into  the  very  center  of  the  field  of  the  objective. 

It  is  partly  in  the  successful  application  of  electrical  'devices  of 
this  sort  that  the  40-inch  telescope  of  the  Yerkes  Observatory  dif- 
fers mechanically  from  any  heretofore  constructed,  and  it  is  with 
eager  interest  that  the  face  of  the  astronomical  world  is  turned 
towards  this  new  observatory  and  its  corps  of  able  astronomers; 
to  this  instrument — this  princely  gift  to  the  University  of  Chicago 
— which  now  stands  without  a  rival:  as  it  were,  a  court  of  last  ap- 
peal; a  telescope  which  not  only  has  an  objective  with  light-gather- 
ing capacity  25  per  cent,  in  excess  of  the  largest  hitherto  made, 
but  which  is  even  more  perfect  in  the  simplicity  of  its  design  and 
the  uniqueness  of  its  equipment. 

It  was  said  of  the  great  telescope  of  the  Lick  Observatory  that 
the  limit  had  been  reached,  that  no  larger  instrument  would  be 
made;  but,  standing  in  the  light  of  the  accomplishment  of  the  pres- 
ent, let  us  be  profoundly  grateful  that  it  is  given  to  man  to  demon- 
strate that  the  impossibilities  of  yesterday  are  the  achievements  of 
to-day,  and  let  it  be  with  the  utmost  caution  that  we  place  limita- 
tions upon  the  future. 

The  author  is  indebted  to  Prof.  E.  E.  Barnard  for  the  photo- 
graph from  which  the  general  view  of  the  observatory  was  made, 
and  to  Prof.  George  E.  Hale,  director  of  the  Yerkes  Observatory, 
for  enabling  him  to  secure  electrotypes  from  the  University  of 
Chicago  Press  for  the  other  illustrations. 
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,[Rcad  before  the  Technical  Society  of  the  Pacific  Coast.  October  i,  1897.!] 


"Balme  made  a  vertical  zvheel,  zvhich  worked  hctzveen  Hvo  boats, 
armed  zvith  six  buckets,  zvhich  lifted  a  vast  deal  of  mud." 

Probably  not  more  than  one  out  of  the  hundreds  who  have 
read  this  statement  in  Cresy's  "Encyclopedia  of  Engineering"  have 
given  it  a  second  thought,  or  seen  in  it  more  than  a  simple  state- 
ment of  a  not  very  important  historical  fact.  To  that  one,  ho^- 
ever,  it  was  the  hint,  suggestion,  inspiration  or  what  not,  which 
completed  a  work  of  years  and  gave  to  man  another  tool  where- 
with to  mold  the  face  of  the  earth,  and  to  the  world  a  new  art — 
hydraulic  dredging. 

Every  new  art  is  the  product  of  a  growth  and  development 
to  which  the  work  and  intelligence  of  many  have  contributed. 
Sometimes  the  development  is  extremely  gradual,  so  that  to  no 
one  man  more  than  to  a  thousand  others  can  credit  be  accorded. 
And  again,  in  the  life  and  labor  of  one  man  the  scattered  and  dis- 
connected influences  combine  with  favorable  conditions  and  bring 
about  the  same  result  with  an  appearance  of  suddenness.  In  either 
case  the  process  of  development  is  the  same.  To  the  latter  of 
these  two  classes  belongs  the  subject  of  this  paper. 

Misconception  and  much  confusion  of  mind  are  apparent  in 
the  discussions  of  the  subject  by  practical  men  both  in  and  out 
of  the  courts.  This  is  almost  wholly  due  to  misunderstanding  as 
to  what  is  and  what  is  not  embraced  in  the  subject.  A  definition, 
therefore,  it  is  hoped,  will  clear  the  way  for  an  intelligent  and 
connected  discussion,  and  avoid  the  necessity  of  numerous  ex- 
planations later. 

The  art  of  hydraulic  dredging  involves:  (i)  The  mechanical 
severing  of  material  from  a  water  bottom;  (2)  the  lifting  of  the 
severed  material  therefrom  by  atmospheric  pressure;  and  (3)  the 
transporting  of  it  (mixed  wdth  water),  by  mechanical  pressure, 
through  pipes  to  any  desired  place  of  deposit,  these  three  processes 
constituting  one  continuous  and  connected  operation. 

*  Copies  of  this  paper  were  sent  to  the  several  parties  to  the  hydraulic 
dredger  litigation,  with  invitation  to  be  present  and  discuss  the  paper. 
The  illustrations  are  in  part  from  photographs  of  well-known  machines  and 
partly  from  the  records  of  the  courts. 

t  Manuscript  received  Oct.  27,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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To  review  briefly  the  salient  points  in  the  progress  of  this  art 
is  the  object  of  this  paper. 

The  historian,  looking  backward,  can  trace  the  growth  of 
institutions  and  note  the  trend  and  importance  of  past  events 
affecting  this  growth,  which,  to  contemporaries,  appear  trivial 
and  without  significance.  As  with  such  institutions,  so  is  it  also 
with  the  evolution  of  an  art. 

Scattered  along  its  pathway  can  always  be  seen  hints  and 
foreshadowings.  devices  frequently  foolish  and  impracticable,  as 
viewed  in  the  light  of  later  knowledge,  though  at  times  almost 
prophetic;  others  again  lacking  but  one  little  ray  from  that  light 
to  illumine  the  step  that  separates  success  from  failure. 

The  art  of  hydraulic  dredging  is  no  exception  to  this  rule. 

Prior  to  1878  the  only  forms  of  dredgers  in  use  for  handling 
hard  material  were  the  dipper,  the  clam-shell  and  the  endless 
chain  bucket.  These  might  all  be  classified  under  one  head,  in 
that  their  action  is  purely  mechanical.  While  differing  in  detail 
of  construction,  they  all  work  on  substantially  the  same  principle, 
viz:  that  of  scooping  the  spoil  from  the  bottom  and  dumping  it  on 
shore  or  into  lighters  alongside. 

Though  these  are  so  well  known  and  their  names  so  peculiarly 
appropriate  that  a  detailed  description  here  would  be  out  of  place, 
yet,  for  continuity  of  the  discussion,  a  few  words  of  explanation 
will  be  given  to  each  of  these  devices. 

The  dipper  dredger  is  characterized  by  a  huge  bucket  or 
dipper,  having  a  capacity  of  from  i  to  5  cubic  yards,  the  handle 
of  which  is  a  beam  of  wood  or  iron  20  to  60  feet  in  length,  mounted 
and  guided  on  a  projecting  arm  or  boom.  Operating  chains  are 
provided  whereby  motion  is  given  to  it  practically  identical  to 
that  of  its  humble  namesake,  if  used  to  scoop  sand  from  a  shallow 
pool  and  dump  it  into  a  bucket  close  by.  To  obviate  the  unde- 
sirable necessity  of  reversing  a  dipper  of  such  large  size  to  free 
it  of  its  contents,  the  bottom  is  hinged  and  opens  to  discharge  the 
spoil. 

The  excavator  of  the  clam-shell  dredge,  in  its  most  simple 
form,  consists  of  a  semi-cylindrical  bucket,  made  in  two  halves, 
which  are  hinged  together  along  the  axis  of  the  cylinder,  thus 
forming  jaws  opening  outward  and  upward.  This  bucket  is  at- 
tached to  chains  or  poles,  whereby  it  is  lowered,  with  its  jaws  open, 
into  the  mud  bottom.  The  closing  of  the  jaws  scoops  the  mud, 
and,  when  the  bucket  has  been  hoisted  and  swung  over  the  lighter, 
opening  the  jaws  discharges  the  contents  thereinto. 

The  endless  chain  bucket,  a  more  elaborate   device,  differs 
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from  both  the  preceding,  in  that  its  operation  is  continuous.  The 
main  feature  of  its  excavator  is  an  endless  traveHng  chain  passing 
around  a  pulley  or  tumbler  at  each  end  bight.  To  this,  chain 
scoops  or  buckets  are  attached  at  intervals.  The  chain,  with  its 
tumblers,  is  mounted  upon  a  sloping  frame,  called  a  ladder,  pivoted 
at  its  upper  end;  thus  the  buckets  at  the  lower  end  are  dipped  in 
the  mud  bottom,  and  by  the  travel  of  the  chain  each  bucket  is 
successively  filled,  raised  and  discharged  of  its  contents. 

Each  of  these  devices  is,  of  course,  mounted  upon  a  floating 
barge  or  boat. 

Dredging  operations  are  often  carried  on  at  a  distance  from 
the  shore,  so  that  provision  must  be  made  for  disposal  of  the 
excavated  material.  In  connection  with  the  devices  just  referred 
to,  this  function  is  usually  performed  by  scows  or  lighters.  In 
canals  and  similar  places,  where  the  distance  to  shore  is  not  great, 
though  too  far  for  the  unaided  dredge,  a  flume  or  suspended  spout 
has  been  sometimes  employed. 

In  technical  literature,  extending  back  to  ,the  remote  past, 
are  numerous  suggestions  of  other  forms  of  dredging  devices. 
Wheels  of  large  diameter,  provided  with  cutting  and  lifting  devices, 
have  received  much  attention,  and  many  attempts  to  construct 
practical  dredgers  on  this  plan  have  been  made.  Perhaps  the 
most  notable  of  these  was  the  Fonde  and  Lyons  dredge,  well 
named  "Leviathan."  This  was  built  in  New  York  about  1858 
or  1859.  It  consisted  of  a  wheel  about  60  feet  in  diameter, 
mounted  like  a  huge  paddle  wheel  in  a  longitudinal  slot  amidships 
of  a  boat,  and  so  arranged  as  to  be  raised  and  lowered  by  screws. 
Upon  its  periphery  were  large  parallel-sided  boxes  for  scooping 
the  mud.  This  device,  w^ien  put  in  operation,  developed  at  least 
one  unexpected  result.  In  making  the  first  cut  its  work  was 
beyond  criticism,  but  all  efforts  to  make  it  take  a  second  cut 
parallel  to  the  first  proved  abortive.  When  started  on  a  second 
cut  the  dredge  would  crowd  over  toward  and  across  the  first  and 
attack  the  opposite  bank,  until  the  same  influence  started  it  back 
again,  thus  making  a  zigzag  cut,  back  and  forth  across  the  first 
one.  This  difBculty  appears  to  have  proved  insuperable,  for 
nothing  has  since  been  heard  of  the  device.  Wheel  dredgers 
have  been  very  attractive  to  inventors,  owing  to  their  recognized 
capability  for  cutting  and  lifting  spoil.  The  inherent  difficulty 
of  handling  and  managing  them  has,  however,  always  proved  a 
stumbling-block  to  success. 

As  far  back  as  the  knowledge  of  "suction"  pumping  extends, 
ii  has  been  known  that  sand  and  fluid  mud  would  come  up  in 
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pumping  when  the  suction  pipe  met  with  such  material,  and  sand 
pumps,  based  upon  this  knowledge,  have  not  infrequently  been 
constructed. 

Soon  after  centrifugal  pumps  attained  commercial  efficiency, 
their  adaptability  to  this  class  of  work  was  recognized.  The 
condition  of  knowledge  in  this  line  a  generation  back  is  well  illus- 
trated in  the  following  extract  from  Eiigiiiccriiig  (London,  Eng- 
land, January  i,  1869): 

"In  a  recent  number  we  gave  a  description  of  a  centrifugal 
"dredger  now  in  course  of  construction  at  Messrs.  Gwynne  & 
"Co.'s  works,  and  having  been  favored  with  a  copy  of  the  working 
"draw'ings,  we  are  now  able  to  lay  before  our  readers  all  the 
"details  of  this  interesting  machine. 

"In  order  to  describe  it  fully,  we  must  repeat  the  principle 
"of  action  of  the  centrifugal  dredger,  in  the  design  of  which 
"Messrs.  Gwynne  &  Co.  have  been  guided  by  the  experience 
"obtained  from  the  working  of  their  well-known  centrifugal 
"pumps.  ...  In  their  large  pumps  used  for  draining  lakes 
"in  Holland,  Denmark,  etc..  fish,  like  carp  and  eels,  sometimes  of 
"considerable  size,  have  been  sucked  in  and  discharged  unin- 
"jured.  .  .  .  Sand  and  mud  properly  mixed,  with  about  half 
"the  volume  of  water,  have  been  also  lifted,  and  often  pumps  have 
"been  constructed  solely  for  that  purpose.     ... 

"The  applicability,  therefore,  of  the  centrifugal  pump  for 
"dredging  purposes  had  been  established  beyond  a  doubt,  and  it 
"was  necessary  only  to  give  it  a  form  suitable  for  the  requirements 
"of  the  case.  .  .  .  We  have  been  informed  that  centrifugal 
"pumps  have  been  in  use  for  deepening  the  bed  of  the  Mississippi.* 
"There  the  telescopic  suction  pipe  of  a  pump,  fixed  on  a  barge, 
"was  driven  two  feet  into  the  sand,  and  the  water,  on  being  drawn 
"in  and  washing  up  the  surrounding  sand,  formed  a  sort  of  hole. 
"The  barge  was  then  removed  to  another  place  and  the  operation 
"repeated." 

Still  earlier  than  this,  viz:  in  1856,  Louis  Schwartzkopff,  a 
German,  took  out,  in  England,  a  patent  on  a  device  which  fore- 
shadows in  a  remarkable  manner  the  modern  hydraulic  dredger. 
An  inspection  of  his  drawings  renders  irresistible  the  conviction 
that,  had  his  knowledge  of  the  conditions  involved  in  the  problem 
equaled  his  ingenuity,  the  art  of  hydraulic  dredging  would  have 
entered  upon  its  career  of  usefulness  a  quarter  of  a  century  earlier 
than  it  did.     It  does  not  appear  that  this  device  was  ever  put  into 

*  The  writer  has  been  unable  to  find  any  other  record  of  this  Missis- 
sippi sand-pumping. 
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operation,  and  a  careful  examination  of  the  patent  shows  that, 
without  material  changes,  such  an  attempt  must  have  proved  fruit- 
less. 

There  are  records  of  many  other  devices  which  vaguely  show, 
on  the  part  of  their  originators,  a  more  or  less  perfect  appreciation 
of  the  availability  of  individual  elements  now  employed  in  hy- 
draulic dredging,  but  their  importance  in  this  connection  does  not 
warrant  more  particular  consideration.  For  all  practical  purposes, 
the  devices  which  have  been  described  include  everything  within 
the  state  of  the  art  bearing  directly  upon  the  subject  of  hydraulic 
dredging  at  the  date  when  this  method  was  first  put  into  operation. 

Around  the  Bay  of  San  Francisco  there  are  vast  stretches  of 
shoal,  swamp  and  overflow  land,  consisting  of  alluvium  of  great 
depth  and  extraordinary  fertility  when  reclaimed.  It  is  not  sur- 
prising, therefore,  that  attention  was  early  turned  to  the  consid- 
eration of  means  for  the  reclamation  of  this  rich  domain.  The 
necessity  for  opening  and  deepening  navigable  channels  in  the 
shoal  tide  lands  on  the  eastern  side  of  the  bay  gave  added  impulse 
to  the  construction  and  improvement  of  dredging  devices  on  this 
coast.  Under  these  favorable  conditions  dredgers  of  the  types 
described  soon  reached,  in  California,  a  very  high,  if  not  the 
highest,  degree  of  improvement  in  construction  and  efficiency. 
It  is  important,  in  the  present  connection,  to  note  that,  though 
the  devices  for  severing  and  lifting  spoil  were  thus  brought  to  a 
high  degree  of  excellence,  that  other  and  almost  ecjually  important 
factor  in  dredging,  means  for  the  transportation  and  disposal  of  the 
dredged  material,  had  for  sonic  reason  been  neglected,  and  remained 
far  behind  the  others  in  efficiency. 

This  was  the  condition  of  affairs  when  hydraulic  dredging 
came  upon  the  scene. 

We  must  now  go  back  a  generation.  In  1853,  at  Shaw's  Flat, 
I'uolumne  county,  Cal.,  a  series  of  experiments  were  made  by  a 
young  engineer  to  determine  the  capacity  of  flowing  water  to 
transport  sand  and  earthy  material  in  open  conduits,  and  its  avail- 
abilitv  in  the  construction  of  dams  in  mountainous  districts.  Ten 
years  later  the  necessity  of  levees  for  the  low-lying  lands  along 
the  Sacramento  river  became  a  subject  of  pressing  and  daily  con- 
sideration. Recalling  his  early  investigations,  he  gave  the  subject 
much  thought,  and  soon  afterward  took  up  the  experiments  again, 
"to  see  whether  it  was  feasible  to  take  material  from  the  Sacra- 
mento river,  and,  with  a  low  head  of  water,  put  it  on  the  banks 
for  the  purpose  of  building  levees." 

In  these  later  experiments  a  pipe  was  used;  it  was  provided 


HYDRAULIC  DREDGING.  145 

with  a  low  hopper  for  the  reception  of  material  to  be  transported, 
as  in  the  device  shown  three  years  later  in  the  English  patent  286, 
of  1866,  issued  to  James  Robertson.  It  was  found  that  by  elevat- 
ing the  hopper  to  form  a  "pressure  column,"  with  a  rapid  stream 
flowing  through  the  pipe,  sand  could  be  transported  a  long  dis- 
tance up  a  slight  incline  or  for  a  short  distance  up  a  much  steeper 
incline  to  a  point  considerably  higher  than  the  top  of  the  pressure 
column. 

In  the  event  of  these  experiments  proving  the  feasibility  of 
this  method  of  transportation,  it  was  contemplated  to  employ  it 
in  conjunction  with  a  clam-shell  or  chain  bucket  dredge,  the  aim 
being  to  raise  the  transporting  function  to  a  par  witJi  the  efficiency 
of  the  severing  and  lifting  devices  of  the  dredgers  then  in  use;  and, 
further,  to  do  this  in  such  form  that  distance  across  water  would 
not  act  as  a  bar  to  its  use,  as  it  would,  for  instance,  with  an  open 
conduit  or  with  a  closed  one  dependent  solely  upon  gravity. 

In  these  experiments  a  result  was  observed  which  for  a  time 
threatened  the  utility  of  the  whole  scheme,  and  did,  in  fact,  very 
materially  affect  the  ultimate  outcome.  It  was  found  that,  though 
rapidly  flowing  water  in  a  pipe  constituted  a  transporting  agent 
of  great  capacity,  the  outflowing  stream  distributed  the  material 
over  an  extremely  large  area,  so  that  as  a  means  for  forming 
embankments  or  building  levees  it  seemed  hopelessly  unavailable. 
To  overcome  this  difUculty  without  detracting  from  the  commer- 
cial utilit}^  of  the  method,  numerous  expedients  were  tried,  with 
but  meager  results  until  it  was  observed  that  sand  and  water  do 
not  move  in  a  pipe  as  a  homogeneous  fluid,  and  that  the  sand 
travels  below  the  water.  This  suggested  cutting  holes  in  the 
bottom  of  the  pipe  at  some  distance  from  the  end.  The  solid 
matter  was  thus  almost  perfectly  separated,  and  the  capability  of 
the  device  to  produce  levees  of  excellent  contour  fully  demon- 
strated.    This  was  in  1863. 

During  the  course  of  these  investigations  it  became  evident 
that  a  principle  was  involved  which  reached  beyond  the  inmiediate 
goal  of  the  experiments.  As  a  transporting  agency  the  device 
not  only  surpassed  expectations,  but  also  far  exceeded  any  dredger 
then  kmnvn  in  capacity  for  supplying  spoil.  Thus  the  dredging  and 
transporting  functions  had  changed  places  in  point  of  comparative 
efficiency. 

To  produce  a  combination  in  which  the  device  for  excavating 
and  raising  the  spoil  would  equal  in  capacity  the  capability  of  the 
transporting  device  to  dispose  of  the  material,  and  thus  form  "an 
ideal  dredge,"  was  a  problem  to  which  the  following  eight  months 
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were  devoted.  Operations  meanwhile  were  suspended  on  the 
levee  proposition,  pending  the  issue  of  the  later  and  more  im- 
portant undertaking.  Pursuing,  with  untiring  persistency  and 
thoroughness,  every  avenue  which  might  lead  to  the  object  sought, 
the  young  engineer  made  himself  familiar  with  the  history  and 
state  of  the  art  in  dredging  appliances.  In  the  course  of  this 
investigation,  on  the  12th  of  July,  1864,  in  the  Mercantile  Library 
of  San  Francisco,  he  read  the  statement  with  which  this  article 
opens.  The  words,  "lifted  a  vast  deal  of  mud,"  arrested  his  atten- 
tion. They  perfectly  expressed  the  device  so  earnestly  sought. 
For  the  remainder  of  the  day  and  far  into  the  night  a  bucket- 
wheel  which  would  "lift  a  vast  deal  of  mud"  engrossed  his 
thoughts.  Was  it  possible  to  combine,  in  practical  form,  an 
excavator  wheel  with  the  new  transporting  device,  when  all  past 
experience  with  like  excavators  pointed  only  to  failure?  Before 
morning,  however,  the  design  for  such  a  combination  became 
clear.  Two  sketches,  made  early  on  the  following  day,  present 
the  result,  and  the  memorandum  thereon  gives  naive  expression 
to  his  satisfaction  thereat.  This  sketch,  wdiich  has  occupied  an 
important  place  in  the  subsequent  dredger  litigation,  was  made 
upon  a  piece  of  common  brown  wrapping  paper,  and,  though  but 
rough  in  execution,  it  undoubtedly  shows  every  essential  element 
of  the  modern  hydraulic  dredge.  One  point  in  the  memorandum, 
it  should  be  noted,  referred  to  as  "this  principle  of  inward  deliv- 
ery," has  been  a  subject  of  much  disagreement  and  controversy 
between  mechanics  and  experts.  The  records  show  no  sugges- 
tion, prior  to  this,  of  a  rotary  excavator  in  which  the  material, 
when  severed,  thereby  passed  interiorly  to  a  suction  pipe,  or  which 
had,  to  use  the  phrase  hackneyed  in  this  connection,  "inward  deliv- 
ery to  a  suction  pipe." 

During  the  long  period  of  years  since  1864,  hundreds,  if  not 
thousands,  of  models,  drawings  and  sketches  have  been  made  by 
the  inventor,  most  of  which,  in  the  natural  order  of  things,  have 
been  lost  or  destroyed.  More  than  enough  remain,  however,  to 
make  difficult  a  selection  of  those  which  most  fittingly  show  the 
growth  of  the  invention  into  mechanical  form. 

From  1868  to  1876  he  was  particularly  active  in  his  endeavors 
to  get  the  invention  into  practical  ojx^ration,  only  to  meet  with 
disappointment  and  delay,  tliough  many  times  on  the  verge  of 
success. 

Somewhat  discouraged  by  lack  of  success  in  persuading  prac- 
tical men  to  put  money  into  the  enterprise,  he  decided  to  protect 
the  invention.     The  records  show  that  an  application  for  a  patent 
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was  prepared,  and  also  a  receipt  for  money  paid  thereon,  dated 
August  22,  1872.  In  December,  1876,  application  for  patent  was 
filed.  On  April,  1877,  allowance  was  reached,  which  contained 
twenty  claims.  The  allowance  of  these  claims  had  been  procured 
and  amendments  made  without  consultation  with  the  inventor, 
and  apparently  without  due  consideration  of  the  importance  of 
the  subject-matter.  When  made  aware  of  the  nature  of  the  claims, 
he  refused  to  accept  or  issue  the  patent,  and  permitted  the  applica- 
tion to  lapse.  In  1879  this  application  was  renewed,  in  accordance 
with  the  provisions  of  the  law  in  such  cases.  This  renewal 
dragged  along  in  the  Patent  Ofhce  until  June,  1882,  when  the 
power  of  attorney  was  revoked  by  the  following  characteristic 
letter: 

613  Mission  Street, 

San  Francisco,  June  13,  1882. 
To  ilic  Commissioner  of  Patents,  JJ^asIiington,  D.  C: 

Sir:  Unable  to  fee  attorneys  to  prosecute  my  cases  at  the  Patent 
Office,  they  hang  fire  while  I  grow  gray.  It  becomes  necessary  for  me 
to  do  the  best  I  can  with  them  myself.     The  power  of  attorney  heretofore 

granted  by  me  to  Messrs.  ,  of  San  Francisco,  and  Messrs.  , 

of  Washington,  D.  C,  is  hereby  revoked  in  the  case  of  the  renewed  appli- 
cation for  improvements  in  dredging  machines.  Ignorant  of  the  changes 
that  may  have  been  made  in  the  specification  or  drawings,  I  enclose  $5 
for  contents  of  the  file  wrapper.     I  cannot  give  the  number. 

Respectfully, 

A.  B.  Bowers. 

From  this  time  on  he  prosecuted  his  own  case,  with  the  result 
that  the  one  application,  with  its  twenty  claims,  was  divided  into 
eleven  divisional  applications,  all  of  which  were  allowed  in  due 
course,  and  issued  with  an  aggregate  of  363  claims.  He  has  since 
taken  out  other  patents  and  has  other  applications  pending. 

Prior  to  this,  however,  in  1878,  A.  E.  Davis,  president  of  the 
South  Pacific  Coast  Railroad,  was  induced  to  advance  money  for 
the  construction  of  an  experimental  machine  under  the  supervision 
of  the  inventor.  This  dredge  was  built  entirely  from  second-hand 
material  picked  up  here  and  there.  The  dredge  boat  was  an  old 
mud  scow%  and  upon  it  was  mounted  a  40-horse-power  engine, 
connected  to  drive  a  centrifugal  pump  having  a  runner  27  inches 
in  diameter.  The  suction  pipe,  with  its  rotary  excavator,  was 
rigged  outboard  along  one  side,  and  the  discharge  pipe  consisted 
of  a  number  of  lengths  of  14-inch  pipes,  on  floats,  connected  into 
a  continuous  flexible  pipe  by  short  lengths  of  leather  hose  and  200 
feet  of  canvas  hose,  reaching  to  an  enclosure  on  shore. 

Notwithstanding  these  disadvantages,  and  the  fact  that  the 
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canvas  Hose  frequently  burst,  the  device  handled  a  large  amount 
of  thick  mud.  The  operation  of  this  machine  was  w^itnessed  by 
a  number  of  prominent  persons  and  government  ofBcials,  who  have 
testified  to  these  facts.  One  of  the  spectators  was  so  impressed 
that,  in  a  letter  written  at  the  time  to  an  Eastern  correspondent 
and  referring  to  the  machine,  he  said:  "It  can  dig  mud  faster 
than  any  three  machines  I  ever  saw." 

This  was  the  first  application  of  the  modern  art  of  hydraulic 
dredging. 

Thus,  after  fourteen  years,  came  the  fruition  of  long  endeavor. 
A  device  had  been  achieved  which  not  only  severed  and  "lifted 
a  vast  deal  of  mud,"  but  also  deposited  it  on  shore  in  one  contin- 
uous operation.  The  work  of  the  inventor  was  done.  His  "faith 
in  the  combination  of  elements,"  shown  in  1864,  was  demon- 
strated to  have  been  well  founded.  The  further  declaration  of 
intention  "to  patent  and  profit  from  it"  still  remained  to  be  accom- 
plished. 

Hydraulic  dredging  now  began  to  be  appreciated  -as  an  im- 
portant factor  in  reclamation  and  similar  works.  The  time  had 
arrived  when  practical  men  needed  no  persuading  to  invest  money. 
Results — the  sum  of  all  good  to  the  practical  mind — were  now  in 
abundant  evidence,  and  those  of  practical  mind  were  not  slow  to 
take  advantage.  A  couple  of  years  previously  Col.  Allexey  W. 
von  Schmidt  had  constructed,  for  the  purpose  of  levee  building 
on  the  Sacramento  river,  a  large  sand  pump,  mounted  upon  a 
barge  and  having  a  suspended  pipe  to  convey  the  sand  ashore. 
It  was  also  provided  with  a  propeller-shaped  rotary  implement 
in  the  flared  mouth  of  the  suction  pipe.  This  was  afterward 
remodeled  by  the  Golden  State  and  Miners  Iron  Works  by  incor- 
porating the  rotar}'  cutter  with  inward  delivery,  the  floating  dis- 
charge pipe  and  other  hydraulic  dredger  devices.  This  remod- 
eled machine  became  known  as  the  Williams  &  Bixler  "Atlas" 
dredge. 

Improvers,  and  "inventors"  too,  found  a  new  field  for  the 
exercise  of  their  skill,  and  took  up  their  task  in  the  evolutionary 
priDcess.  Pumps  for  hydraulic  dredgers,  rotary  excavators  with 
inward  delivery,  floating  pipes  with  flexible  joints — all  these  and 
many  other  details  became  the  subjects  of  numerous  patented 
inventions. 

It  was  not  long,  therefore,  before  hydraulic  dredges  were  at 
work,  each  dififering  slightly  from  the  others  and  from  the  designs 
of  the  original  inventor,  though  incorporating,  in  different  forms, 
the  essential  characteristics  disclosed  by  him. 
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In  1883  Von  Schmidt  bnilt  another  machine  to  execute  some 
extensive  dredging  contracts.  He  was,  in  fact,  the  first  to  put 
this  new  method  to  the  test  of  commercial  competition  with  the 
older  form  of  dredges.  Profiting  by  his  experience  with  the  earlier 
machine,  he  made  changes,  which  he  covered  by  patents  No.  2^]- 
177,  May  8,  1883,  and  No.  300,333.  dated  June  10,  1884.  With 
this  machine  he  used  a  floating  and  .jointed  discharge  pipe.  The 
excavator  was  a  rotary  one  with  inward  delivery.  The  San  Fran- 
cisco Bridge  Company  also  built  dredgers  upon  the  new  plan, 
and  with  them  "lifted  a  vast  deal  of  mud."  Others,  also,  both  in 
California  and  elsewhere,  showed  their  awakened  appreciation  of 
this  method  by  building  and  using  hydraulic  dredgers. 

Now  commenced  the  era  of  litigation,  through  which  every 
new  device  of  value  must  pass. 

Owing  to  the  saving  efl^ected  by  the  hydraulic  dredger,  the 
great  cost  of  each  machine  and  the  magnitude  of  the  undertakings 
in  which  they  are  employed,  the  dredger  litigation  has  been  stub- 
bornly, persistently  and  most  ably  contested,  and  has  taken  a  place, 
both  in  importance  and  interest,  in  the  front  rank  of  patent  causes. 

The  amount  of  testimony  taken  has  extended  into  thousands 
of  printed  pages;  wagon  loads  of  exhibits  have  been  employed 
in  illustration;  the  libraries  and  patent  archives  of  the  world  have 
been  ransacked  during  the  past  decade  in  this  war  of  interests. 

In  1888  suit  for  infringement  was  conunenced  against  A.  W. 
Von  Schmidt  by  Alphonso  B.  Bowers.  An  interlocutory  decree 
was  rendered  in  the  Circuit  Court  by  Judge  McKenna  (now 
Attorney-General  of  the  United  States).  This  decree  was  affirmed 
on  appeal  by  the  United  States  Circuit  Court  of  Appeals,  January 
4,  1897.  As  a  last  resort,  an  endeavor  was  made  to  reopen  the 
case  by  application  to  the  United  States  Supreme  Court  for  a  writ 
of  certiorari  on  certain  points  of  patent  practice  claimed  to  be 
unadjudicated,  but  without  avail.  The  writ  was  refused,  and  this 
case  was  thus  settled  beyond  appeal. 

A  few  months  earlier,  in  1888,  suit  was  commenced  against 
Williams  &  Bixler  and  others,  having  reference  to  Von  Schmidt's 
first  machine  as  remodeled.  This,  after  the  testimony  had  all 
been  taken,  was  settled  by  compromise,  payment  of  damages  and 
entry  of  interlocutory  and  final  decrees  in  favor  of  Bowers. 

Suit  was  commenced  against  the  San  Francisco  Bridge  Com- 
pany, March,  1893.  In  this  case  testimony  is  all  in,  and  it  has 
been  argued  and  submitted  to  Judge  W.  W.  Morrow,  of  the 
United  States  Circuit  Court,  for  decision. 

Bowers  vs.  Pacific  Coast  Dredging  and  Reclamation  Com- 
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pany  and  John  Hackett  was  commenced  September,  1894.  Pre- 
liminary injunction  was  granted  in  this  case  by  Judge  W.  W. 
Morrow. 

Bowers  vs.  Alexander  McNee  and  others. 

This  case  was  settled  by  compromise,  entry  of  final  decree  in 
favor  of  complainant  and  payment  of  damages. 

Bowers  z's.  New  York  Dredging  Company  and  San  Fran- 
cisco Bridge  Company.  This  suit  was  commenced  at  the  city  of 
Tacoma,  Wash.  A  preliminary  injunction  was  granted  therein 
by  Judge  C.  H.  Hanford,  United  States  District  Judge. 

Other  suits  are  pending  and  to  be  commenced. 

The  position  taken  by  Bowers  in  these  suits  is  that  he  was 
the  first  to  devise: 

(a)  A  rotary  excavator  with  inward  delivery  through  itself 
tc  a  suction  pipe. 

(b)  A  floating  discharge  pipe  which  would  transport  the 
spoils  from  a  dredger  over  the  water  and  deliver  them  to  any 
desired  point  on  shore. 

(f)  A  machine  to  dredge  on  a  circular  arc  while  the  boat 
oscillates  on  a  self-contained  pivot  and  acts  as  a  rigid  radius 
holding  the  cutter  to  its  work. 

(d)  A  machine  to  make  an  arc-shaped  cut  with  an  excavator 
while  the  boat  is  oscillating  on  a  self-contained  pivot,  and  then 
to  move  the  machine  ahead  and  make  a  second  similar  arc-shaped 
cut,  and  so  on  thereafter  continuously,  until  a  clean,  smooth 
bottom  is  dredged. 

(c)  A  machine  to  cut  and  sever  material  in  place  at  the  bot- 
tom of  a  waterway  with  a  rotary  excavator  having  side  feed  and 
inward  delivery,  carry  the  material  inboard  by  suction  and  then 
force  it  through  a  flexible  pipe,  floating  on  or  submerged  under 
the  water,  to  any  desired  place  in  the  water  or  on  shore,  to  be  used 
for  filling  purposes,  if  desired. 

In  the  \'on  Schmidt  case  the  defendant  first  denied  each  and 
all  of  these  claims,  and  contended  that  he  (Von  Schmidt)  was  the 
first  inventor  of  the  hydraulic  dredge  and  the  first  to  put  it  into 
practical  use;  that  the  Davis  dredge  of  1878  was  impracticable, 
useless  and  in()])crative;  but  later  he  introduced  patents  ante- 
dating his  own  invention,  and  questioned  the  validity  of  Bowers' 
patents  on  tlie  grounds  of  anticipation,  abandonment  and  various 
other  grounds  relating  to  acts  both  of  the  inventor  and  of  the 
Patent  Office.  He  questioned  the  authenticity  of  the  drawings  of 
1864,  claimin,'^:  them  to  have  been  made  twenty  years  later  and 
antedated.     He  denied  that  it  required  the  exercise  of  "invention" 
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to  produce  the  devices  of  Bowers  from  the  prior  state  of  the  art. 
He  contended  that  Bowers'  devices  never  did,  in  fact,  work  on  the 
"hydrauHc  principle,"  as  that  term  is  appHed  to  modern  dredgers, 
but  that  they  were  constructed  upon  the  principle  illustrated  in 
the  early  experiments  with  the  "pressure  column."  He  contended 
that  the  patents  sued  on  should  be  construed  literally  and  restricted 
to  the  exact  construction  shown  and  described,  and  that  "inward 
delivery"  should  be  construed  to  mean  mechanical  transportation 
of  the  severed  material  from  the  point  of  severance  to  the  entrance 
of  the  suction  pipe,  unaided  by  atmospheric  pressure. 

In  the  San  Francisco  Bridge  Company  case,  now  awaiting 
decision,  practically  the  same  defences  were  made  as  in  the  Von 
Schmidt  case,  except  that  the  authenticity  of  the  drawings  of  1864 
was  not  called  in  question,  and  more  emphasis  was  placed  upon 
the  "pressure  column"  theory  in  an  endeavor  to  prove  that  "the 
law  of  the  machine"  in  question  is  diiiferent  from  that  of  the  patent; 
in  other  words,  that  the  fundamental  idea  upon  which  each  ma- 
chine is  based  is  different,  and  consequently  the  machines  them- 
selves must  be  different. 

Much  emphasis  was  also  placed  upon  the  Schwartzkopfif 
patent,  introduced  into  this  case  as  new  evidence. 

The  decree  in  the  Von  Schmidt  case  is  very  broad,  and  the 
decision  of  the  Circuit  Court  of  Appeals  is  still  more  clear  and 
comprehensive.  Only  a  few  short  extracts  can,  however,  be 
given. 

After  analyzing  the  prior  state  of  the  art,  the  decision  goes 
on  to  say:  "But  prior  to  the  complainant  coming  into  the  field 
there  was  no  machine,  by  whatever  name  known,  that  would,  by 
the  simultaneous  and  continuous  co-operation  of  its  various  ele- 
ments, cut  and  remove  hard  material  from  a  waterway,  and  itself 
transport  the  same  to  any  desired  distance  and  place."  Referring 
to  the  drawings  of  July,  1864,  the  decision  continues:  "Counsel 
for  the  appellant  assert  in  argument  that  this  date  is  false;  that  the 
drawing  was  actually  made  in  1884  and  antedated  twenty  years. 
.  .  .  There  is  nothing  in  the  circumstance  relied  upon  by  the 
appellant  to  cast  any  doubt  upon  the  testimony  of  the  complainant 
in  respect  to  the  drawings,  especially  as  there  is  much  corrob- 
orative testimony.  .  .  .  We  are  satisfied  from  the  evidence 
that  they,  together  with  the  memorandum  appearing  upon  them, 
were  made  at  the  time  they  respectively  bear  date.  .  .  .  They 
show  not  only  an  altogether  new  combination  of  elements  for  the 
transportation  of  spoils,  but  also  something  radically  new  in  rotary 
excavators,    namelv:    a    rotarv    excavator    with    inward    delivery 
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through  itself,  in  combination  with  a  suction  pipe.     They  show  a 
dredge-boat  having  two  self-contained  pivots  or  centers  of  oscilla- 
tion for  swinging  of  the  boat  while  at  work;  a  flexible  joint  near 
the  pivots;  a  discharge  pipe  consisting  of  an  inner  flexible  oscil- 
lating  section   composed  of  a  series   of  sections   flexibl}'   joined 
together  and  supported  by  floats;  and  an  outer  rigid  non-oscil- 
lating section,  a  suction  pipe,  a  rotary  excavator  having  inward 
delivery,  the  arc-shaped  cuts  of  the  excavator  made  by  the  dredge 
while  swinging  from  side  to  side  on  the  pivot,  and  devices  for 
working  with  a  side  feed."     Referring  to  the  delays  in  connection 
with  the  patents,  the  decree  continues:     "It  is  enough  to  say  that, 
so  far  from  showing  any  intentional  abandonment,  they  show  the 
most  persistent  and  continuous  elTort  on  his  part  against  very 
adverse  circumstances  to  perfect  and  avail  himself  of  its  benefits." 
Referring  to  the   experimental   machine,   the   decision   says: 
"The  fact,  if  it  be  a  fact,  that  the  first  machine  built  by  complainant, 
called  in  the  records  the  Davis  machine,  was  not  successful  in  its 
operations,  is  unimportant.     ...     It  would  be  certainly  a  novel 
doctrine  to  deny  to  an  inventor  the  fruits  of  a  broad   invention 
because  the  machine  which  first  embodied  it  was  rudimentary  in 
character  and  failed  to  do  as  good  work  as  improved  machines 
made  subsequently.     None  of  the  great  inventors  could   survive 
such  a  test.     .     .     .     He  is,  therefore,  justly  entitled  to  be  re- 
garded as  standing  at  the  head  of  the  art  of  hydraulic  dredging." 
This  story  of  the  growth  of  a  machine  can  hardly  be  other 
than  what  it  is  intended  to  be— a  prosaic  statement  of  facts  and 
dates  from  sworn  testimony  of  court  records  and  personal  observa- 
tion.    A  few  readers,  here  and  tliere,  can,  like  the  w^-iter,  fill  in 
the  blank  of  years  so  lightly  passed  by  in  narration.     To  these 
this  storv  will  present  another  and  entirely  different  aspect,  one 
which  thrills  witli  Inunan  feeling  and  sym])athy;  a  story  of  trial, 
disappointment  and  hope  deferred;  of  ill-health  and  reproach;  of 
high  hopes  and  ambitions;  of  youth  and  manhood  worn  away  as 
slowlv,  but  surely,  as  drop])ing  water  wears  stone  by  the  passing 
davs  of  ])assing  years.     These  will  know  that  progress  as  w^ell  as 
religion  demands  its  martyrs,  and  that  success,  so  dazzling  to  the 
beholder,  is  but  a  lightning  flash  on  a  sununer  evening,  incapable 
of  dissipating  the  chill  of  a  life's  journey  in  the  valley  of  shadows. 

DISCUSSION. 

Prof.  Soui.e. — I  woifld  like  to  ask  Mr.  Bowers  about  the 
dredger  that  was  built  and  attempted  to  be  operated  in  Oakland. 
I  think  it  was  about  1870  or  1874.     I  think  a  man  by  the  name 
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•of  Ball  was  the  inventor.  As  I  understand,  it  did  not  prove  suc- 
cessful. 

Mr.  a.  B.  Bowers. — I.  am  thoroughly  familiar  with  the 
dredge  referred  to.  It  was  not  a  suction  dredge,  but  had  an  end- 
less chain  of  buckets,  from  which  the  spoil  was  dumped  into  a 
chute  and  discharged  into  a  scow  alongside.  Later  on,  about 
1880,  he  got  up  a  dredge  for  A.  E.  Davis,  in  which  the  chain  of 
buckets  dumped  into  an  elevated  hopper,  into  which  a  stream  of 
Vk/ater  was  pumped,  and  the  spoil  and  water  descended  by  gravity 
through  an  inclined  pipe  into  and  through  a  short  length  of  hori- 
zontal pipe.  The  mud,  mixed  with  water,  was  carried  through  a 
short  length  of  discharge  pipe  with  considerable  facility,  in  spite 
of  its  greater  specific  gravity,  but  when  the  inventor  came  to  add 
any  considerable  length  to  his  discharge  pipe  he  met  with  difficulty 
in  transporting  the  material.  He  was  at  work  at  Alameda  Point 
for  several  weeks,  but  did  not  succeed  in  satisfying  Mr.  Davis,  the 
owner  of  the  machine,  who  soon  after  dismantled  it. 

Mr.  Grunsky. — A  dredging  machine,  possibly  the  same  that 
has  been  referred  to  as  the  "Williams  &  Bixler,"  was  at  work  in 
1878  in  the  San  Joaquin  river.  The  material  handled  was  prin- 
cipally sand.  It  was  pumped  up  from  the  bottom  of  the  river  and 
deposited  on  shore  through  a  suspended  pipe.  I  noticed  on  the 
dredge  an  assortment  of  variously-shaped  hoods  that  had  been 
tried  for  the  purpose  of  compelling  the  water — in  flowing  around 
the  edges  of  the  hood-shaped  pipe-end — to  take  up  the  sand.  I 
have  only  an  imperfect  recollection  of  the  machine,  which  I  did 
not  carefully  examine.  Perhaps  Mr.  Bowers  can  give  some  addi- 
tional information  about  this  machine.  I  believe  it  was  called 
the  "Von  Schmidt"  at  that  time,  but  from  the  description  given 
in  the  paper  this  evening  I  infer  it  might  have  been  the  "Williams 
&  Bixler." 

Mr.  BowERS.^That  was  the  first  Von  Schmidt  machine. 
It  was  built  for  Williams  &  Bixler  in  the  fall  or  winter  of  1876. 
The  suction  pipe  had  an  outer  vertical  telescoping  section  pro- 
vided with  a  flared  mouth  or  hood,  about  eight  feet  in  diameter, 
within  which  was  a  rotary  propeller-shaped  agitator  designed  for 
an  excavator.  The  diameter  of  this  agitator  was  considerably  less 
than  that  of  the  hood,  but  it  depended  some  three  or  four  inches 
below  the  hood.  This  agitator  was  unable  to  cut  hard  material, 
but  if  it  had  succeeded  in  boring  a  hole  of  its  own  diameter,  or  < 
little  larger,  by  lowering  it  and  the  hood,  it  could  go  no  deepei 
than  its  orojection  below  the  hood,  because  the  greater  diameter 
of  the  hood  would  cause  it  to  rest  on  the  uncut  material  around 
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the  hole  made  by  the  agitator  or  excavator,  and  this  propeller- 
shaped  device  projected  so  slightly  below  the  hood  that  it  would 
not  have  been  practicable  to  work  it  with  a  side  feed  or  swing, 
even  had  it  otherwise  been  capable  of  so  working,  because,  in 
order  to  do  this,  the  bottom  would  have  had  to  be  perfectly  level, 
parallel  with  the  surface  of  the  water.  If  the  propeller  was  swung 
sidewise  it  would  take  off  nothing  but  a  thin  shaving  from  the 
bottom.  And,  even  if  the  bottom  had  been  perfectly  smooth  and 
level,  the  propeller  blades  had  not  sufficient  excavating  capacity 
to  make  the  device  practical,  while  in  soft  material  and  loose  sand 
it  was  discarded  as  useless. 

The  owners  of  that  machine,  finding  that  it  would  not  answer 
their  purposes  except  for  pumping  sand,  had  it  remodeled,  as 
stated  by  Mr.  Smyth,  into  what  was  known  as  the  first  "Atlas" 
dredge,  a  prototype  of  the  dredge  now  used  by  the  San  Francisco 
Bridge  Company  and  the  New  York  Dredging  Company.  It  is 
almost  exactly  the  same,  though  a  few  small  changes  have  been 
made  in  the  details.  This  was  the  first  dredge  of  the  "Atlas"  type 
ever  constructed,  and  was  built  at  the  Golden  State  and  Miners 
Iron  Works. 

Prof.  Soule.^I  believe  that  hydraulic  dredging  has  recently 
been  carried  on  upon  a  very  large  scale  on  the  Mississippi  river, 
in  relation  to  levee  work  there. 

Mr.  Grunsky. — I  think  chiefly  in  regard  to  deepening  the 
channel  and  cutting  through  bars.  The  object  is  to  keep  open  a 
narrow,  deep  channel  during  the  low-water  season. 

Prof.  Soule. — I  have  been  told  that  a  great  deal  of  matter  is 
handled,  and  that  the  power  of  the  pumping  engines  has  been 
greatly  increased,  so  as  to  throw  the  water  through  the  pipe  at  a 
much  higher  velocity  than  formerly,  and  that  by  doing  this  a 
much  larger  percentage  of  material  is  secured  with  the  water — I 
think  as  high  as  50,  or  even  a  greater  percentage. 

Mr.  Smyth. — In  some  hydraulic  dredging  operations  sam- 
ples of  the  discharge  ranged  as  high  as  70  per  cent,  in  solid 
material.  It  is  doubtless  desirable  to  have  a  high  velocity  in  the 
carrying  stream.  The  higher  the  velocity  the  greater,  of  course, 
is  its  burden-carrying  capacity;  but  as  water,  traveling  six  inches 
per  second,  will  move  sand,  and  as  the  speed  of  flow,  in  ordinary 
dredging  operations,  is  about  fifteen  feet  per  second,  it  would 
seem  that  this  velocity  would  carry  about  all  that  could  be  exca- 
vated. The  difficulty  met  with  usually  lies,  I  think,  in  the  con- 
struction of  the  excavator,  and  particularly  in  the  fact  that  the 
suction   opening  is   not   brought   sufficiently   close   to  the   bank. 
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The  suction  pipe  is  frequently  placed  centrally  in  the  excavator, 
and  the  material  has,  consequently,  to  be  raised  through  consid- 
erable distance.  In  this  form  of  construction  the  velocity  of  the 
stream,  at  the  circumference  of  the  excavator,  in  the  bank  where 
the  cutting-  is  done,  is  very  much  less  than  at  the  mouth  of  the 
suction  pipe.  This  matter  does  not  appear  to  have  received  the 
consideration  due  to  its  importance.  In  the  San  Francisco  Bridge 
Company's  construction  something  has  been  done  in  this  direction 
by  entering  the  suction  pipe  in  the  lower  segment  of  the  excavator 
and  opening  it  downward,  thus  bringing  its  mouth  nearer  the 
point  of  excavating  operations,  and  the  excavated  material  more 
nearly  within  the  influence  of  the  inrushing  current  at  its  point  of 
greatest  intensity. 

Mr.  Bowers. — I  have  given  considerable  thought  to  the 
construction  of  excavators  for  hydraulic  dredgers.  I  have  de- 
signed many  different  forms,  and  have  carefully  noted  the  per- 
formance cf  others.  In  nearly  all  excavators  having  an  inward 
delivery  spoil  finds  its  way  to  the  mouth  of  the  suction  pipe  with 
sufficient  facility,  except  in  very  hard  or  in  very  sticky  material, 
for  each  of  which  special  and  very  different  provision  should  be 
made.  There  are  advantages  and  disadvantages  with  both  con- 
centric and  eccentric  suction  pipes,  considered  in  relation  to  the 
excavator,  but  in  most  cases  either,  when  properly  handled,  is 
sufficiently  efficient  to  furnish  the  pump  with  all  the  spoil  it  can 
force  through  the  discharge  pipe. 

Mr.  Grunsky. — I  might  add  that  the  dredgers  used  on  the 
Mississippi  are  of  very  large  capacity.  The  largest  have  six  suc- 
tion pipes  supplying  two  large  centrifugal  pumps.  Three  suction 
pipes  deliver  into  each  pump.  These  pumps  send  the  material 
and  the  water  through  a  discharge  pipe  that  trails  behind.  The 
material  is  generally  sent  down  stream  2000  feet  or  more  and 
deposited  in  some  deeper  spot  in  the  river  channel.  The  material 
is  not  used  for  building  levees.  The  channels  cut  through  bars 
are  only  intended  to  benefit  low-water  navigation  temporarily.  I 
am  told  that  the  latest  experiments  have  been  to  determine  the 
efficiency  of  water  jets  used  as  a  substitute  for  the  rotary  cutter 
in  severing  material.     I  do  not  know  what  the  results  have  been. 

Mr.  Smyth. — In  my  previous  remarks  I  suggested  that  lack 
of  efficiency  was  not  due  to  lack  of  speed  of  the  current.  This 
is  borne  out  by  the  fact  that  in  many  excavators,  and  notably  in 
those  of  the  San  Francisco  Bridge  Company,  they  bring  up  large 
boulders;  in  fact,  I  saw  in  court  one  day  a  cannon  ball,  eight 'inches 
in    diameter,   which   had   been   raised   by   the   suction   pipe.     Mr. 
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Bowers'  dredgers  have  raised  stones  of  that  size.  It  is  not  the 
speed  of  the  water  tliat  is  deficient.  That  ordinarily  employed  is 
sufficient  to  carry  the  material  usually  dredged. 

Mr.  Henny. — I  would  ask  the  author  of  the  paper  if  he  can 
give  us  some  information  upon  the  comparative  cost  of  dredging 
with  clam-shell  dredges,  with  endless  chain  buckets  and  with  this 
new  method  of  dredging.  I  realize  the  fact  that  the  cost  is  a  very 
variable  quantity,  and  I  have  in  mind  some  instances  where  the 
different  methods  of  dredging  have  been  used  for  the  same  piece 
of  work. 

Mr.  Smyth. — Mr.  Bowers  could  give  fuller  and  more  accu- 
rate information,  his  opportunities  of  making  the  comparison 
desired  having  been  much  greater  than  mine. 

Mr.  Bowers. — There  are  circumstances  under  which  dredg- 
ing can  be  better  done  with  an  old  Osgood  scoop  than  with  any 
other  machine.  Work  of  that  character,  in  very  hard  material, 
will  cost,  with  the  scoop,  from  30  cents  to  $1.50  a  yard.  Such 
material,  under  favorable  conditions,  can  be  handled  with  a  hy- 
draulic dredge  for  from  30  to  60  cents,  if  the  discharge  pipe  is 
short  and  the  lift  is  low.  All  of  these  things  have  to  be  taken 
into  consideration.  You  can  handle  a  very  large  percentage  of 
sand  or  gravel  through  a  short  pipe  with  a  low  lift,  and  do  it 
without- great  expense  other  than  that  of  the  wear  and  tear  of  the 
machine,  which  is  excessive  in  sharp  gravel. 

There  is  other  material  to  be  taken  up  and  deposited  50  to 
75  feet  alongside  from  where  it  is  found,  and  such  can  be  handled 
more  cheaply  with  a  long-boom  clam-shell  than  with  any  other 
device  that  has  ever  been  employed.  This  machine  is  particularly 
well  adapted  to  the  building  of  levees,  where  the  material  is  within 
reach  of  the  boom,  and  where  the  boom  can  carry  it  to  its  proper 
place  in  the  levee.  Soft,  semi-liquid  material  cannot  be  taken 
up  with  any  considerable  advantage  by  either  of  these  machines, 
or  by  the  endless  chain  bucket.  The  passage  of  loaded  buckets 
through  the  water  will  wash  out  such  material,  and  the  jaws  of  the 
clam-shell  are  seldom  close  fitting,  but  are  usually  separated  suffi- 
ciently to  allow  sand  and  soft  and  semi-liquid  material  to  escape 
in  considerable  quantities.  A  very  considerable  percentage  of 
such  material  is  lost  by  leakage,  as  well  as  by  being  washed  out, 
as  it  is  raised  through  the  water.  For  this  class  of  work  hydraulic 
dredgers  are  vastly  preferable  under  suitable  conditions,  as  well 
as  for  the  excavation  and  transportation  of  most  material  where 
the  point  of  discharge  is  not  too  distant  and  at  too  great  an  eleva- 
tion.    In  such  cases  hydraulic  dredgers  are  efficient  and  econom- 
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ical.  In  the  handling  of  sedimentary  deposits,  and  even  clay  and 
compact  sand,  the  cost,  with  the  hydraulic  process,  is  probably 
less  than  one-half  the  cost  by  any  other  method  where  the  mate- 
rial has  to  be  put  on  shore  within  a  reasonable  distance,  but  beyond 
the  reach  of  the  ordinary  machines. 

The  last  contract  given  by  the  United  States  Government 
for  dredging  with  a  clam-shell  between  the  Oakland  jetties  was 
taken  by  Mr.  John  Hackett,  and  the  price  he  received  for  it  was 
34  cents  a  cubic  yard.  He  was  required  to  take  the  material  out 
of  the  channel  and  deposit  it  on  shore.  He  put  it  into  scows  and 
towed  it  to  a  wharf  near  the  mouth  of  the  Oakland  creek,  and 
there  dumped  it  alongside  the  wharf.  On  the  wharf  he  had 
another  clam-shell  dredge  that  took  the  material  up  again  and 
put  it  into  dirt  cars  furnished  by  the  Southern  Pacific  Railroad 
Compan'V,  for  which  he  was  paid  4  cents  a  cubic  yard,  if  my  mem- 
ory serves  me  rightly.  The  superintendent  of  the  Southern  Pacific 
Railroad  Company  told  me  that  it  cost  the  company  T2  cents  a 
cubic  yard  to  transport  the  material,  shovel  it  off  the  cars  and 
spread  it  over  the  ground.  They  had  to  use  shovels  in  unloading, 
because  the  mud  was  very  sticky — a  sort  of  clay.  They  first  laid 
a  temporary  track  and  shoveled  ofif  the  mud  on  each  side,  then 
took  up  the  track  and  put  it  in  another  place  close  by,  parallel 
with  the  first,  and  so  continued  that  process,  though  after  a  time 
tlicy  discharged  the  material  unlv  on  one  side,  and  then  moved 
the  track  back  as  the  place  was  filled,  in  order  to  make  clean  work 
as  they  went  along.  This  would  be,  then,  34  cents  for  dredging 
and  towing,  4  cents  for  taking  the  material  up  again  and  putting 
it  into  cars  and  12  cents  for  transporting  on  cars  and  unloading, 
making  a  total  of  50' cents  per  cubic  yard  for  dredging  the  material 
in  that  way  and  transmitting  and  spreading  it  over  the  land. 
Hydraulic  dredge  contractors  now  think  that  if  they  get  a. large 
contract  for  doing  such  work  at  15  cents  a  cubic  yard  they  are 
doing  fairly  well,  if  the  material  is  to  be  delivered  at  a  low  eleva- 
tion through  a  short  discharge  pipe,  with  all  other  conditions 
favorable.  The  hydraulic  dredge  is  a  special  tool  for  special  work, 
and,  in  its  own  sphere,  is  without  a  rival.  Having  patented  my 
dredge  mainly  for  my  own  protection  and  use  as  a  contractor,  and 
for  the  protection  of  my  licensees,  it  is  obviously  unwise  for  me 
to  chant  its  praises  too  loudly  or  to  set  the  cos*:  of  work  at  too  low 
a  figure. 

The  "Beta,"  used  on  the  Mississippi  river  for  cutting  through 
sand  barsi  has  six  suction  pipes  and  six  cutters  on  one  hull.  It 
is  equivalent  to  six  dredgers  in  one,  and  when  one  is  laid  up  for 
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repairs  the  whole  plant  is  idle.  It  has  been  at  work  for  several 
months,  with  a  very  heavy  percentage  of  lost  time.  I  am  coming 
very  near  criticising  it,  which  I  do  not  now  wish  to  do.  I  will 
say,  however,  that  it  does  not  handle  six  times  as  much  material 
as  has  been  handled  by  a  single  cutter,  though  the  quantity  is 
very  large  while  actually  working,  and  all  the  more  so  from  the 
fact  that  it  is  lifted  but  slightly  above  the  surface  and  is  discharged 
at  the  surface  of  the  water.  The  results  obtained  from  the  use 
of  this  dredge  have  not  been  such  as  to  encourage  its  duplication, 
and  others  of  different  types  have  been  built  instead.  If  the  dis- 
charge pipe  is  long  and  the  end  of  the  pipe  is  considerably  raised, 
the  amount  of  material  that  can  be  discharged  diminishes  very 
rapidly  with  the  elevation;  but  if  the  mouth  of  the  discharge  pipe 
can  be  kept  low,  a  very  heavy  percentage  of  earthen  material  can 
be  delivered  continuously.  If  the  discharge  pipe  is  not  too  long, 
a  heavy  percentage  can  be  delivered  at  a  fair  elevation;  but  with 
a  pipe  that  is  a  mile  or  a  mile  and  a  half  long,  and  with  a  heavy 
elevation  at  the  mouth,  the  amount  that  can  be  delivered  dwindles 
very  rapidly  with  the  increase  of  elevation. 

Prof.  Soule. — In  what  order  would  you  place  the  diflerent 
soils  or  material  that  can  be  removed  by  a  hydraulic  dredger 
alone,  leaving  out  the  rocks  and  heavy  boulder  material? 

Mr.  Bowers. — I  surmise  that  Professor  Soule,  the  head  of 
the  College  of  Engineering  of  the  University  of  California,  could 
elucidate  these  questions,  much  to  our  edification.  From  my 
practical  experience,  however,  I  may  state  that  silt  and  semi-liquid 
material  require  but  little  power  to  sever  them  from  the  mud  bot- 
tom, and  can  be  moved  very  cheaply  and  more  rapidly  and  eco- 
nomically than  any  other.  This  was  the  character  of  the  spoil 
handled  by  these  machines  on  the  Drainage  Canal  at  Chicago, 
where,  at  times,  there  were  moved,  with  a  single  hydraulic  dredge, 
10,000  or  12,000  cubic  yards  per  day  of  such  material.  The 
dredgers  used  were  of  simple  construction — almost  make-shifts — 
for  the  sake  of  getting  up  as  cheap  an  apparatus  as  possible,  and 
it  is  astonishing  that  such  results  were  obtained  from  inefficient 
machines.  This  was  owing  to  the  extreme  softness  and  liquidity 
of  the  spoil. 

Taking  this  material  with  constantly  increasing  hardness — 
such  as  is  found  in  sedimentary  deposits,  up  to  pure  clay  (for  a 
great  deal  of  this  semi-liquid  material  may  solidify  and  form  clay, 
in  the  course  of  time) — the  expense  constantly  increases  with  the 
increasing  hardness  of  the  material.  But  hard  clay  is  a  better 
material  to  handle,  if  it  is  to  be  transported  a  long  distance,  than 
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even  loose  sand,  for  the  friction  of  sand  in  long  pipes  is  excessive. 
When  you  undertake  to  carry  sand  more  than  half  or  three- 
quarter  of  a  mile  the  friction  is  so  great  and  the  tendency  of  the 
sand  to  deposit  in  the  pipes  is  such  that  one  is  obliged  frequently 
to  cease  excavating  and  wash  out  the  sand  by  pumping  clear 
water  alone.  This  is  the  case  with  all  kinds  of  sand  if  you  attempt 
to  discharge  them  through  too  long  a  pipe.  Coarse  gravel  and 
cobblestones,  owing  to  their  weight  and  the  centrifugal  force  of 
the  pump,  rapidly  cut  out  the  shell  of  the  pump  and  also  the  pipes 
through  which  they  pass. 

The  Bowers  dredge  "Python,"  at  Tacoma,  took  up  coarse 
gravel,  from  the  size  of  a  pea  up  to  2  inches  in  diameter,  with  an 
occasional  boulder  as  large  as  a  man's  head.  This  material  was 
elevated  about  30  feet  and  discharged  through  1000  feet  of  pipe. 
But  the  company  did  not  make  money  on  the  contract. 

Prof.  Soule. — The  gentleman  who  gave  me  the  information 
about  dredging  in  the  Mississippi  river  said  that  one  great  neces- 
sity for  the  high  velocity  was  to  prevent  the  sand  from  settling 
and  trailing  along  the  bottom  of  the  pipe. 

Mr.  Grunsky. — Can  any  one  tell  me  what  the  velocities  in 
the  delivery  pipes  of  the  Mississippi  dredgers  are?  It  attracted 
my  attention  as  being  in  excess  of  that  customary  on  this  coast. 

Mr.  Bowers. — The  flow  of  material  in  the  discharge  pipe  of 
the  Von  Schmidt  dredge,  when  I  tested  it,  was  about  11  feet  per 
second.  In  my  dredger  it  has  run  from  15  to  20  feet.  The  ve- 
locity in  the  San  Francisco  Bridge  Company's  discharge  pipe  is 
about  15  feet.  It  varies  above  and  below.  At  the  time  I  was  on 
the  Mississippi  I  witnessed  some  experiments  with  the  "Beta." 
The  velocity  of  the  discharge  was  not  tested  at  that  time,  but  I 
thought,  from  the  appearance  at  the  end  of  the  pipe,  that  it  was 
not  high.  It  did  not  seem  so  high  as  the  speed  I  have  given  for 
the  machines  on  this  coast.  This  was  prior  to  the  official  tests, 
and  the  speed  may  now  be  greater.  It  has  been  found,  however, 
that  a  rapid  stream  in  the  discharge  pipe  is  more  advantageous, 
when  handling  sand  or  gravel,  than  a  slow  speed,  but  in  handling 
sedimentary  matter  or  semi-liquid,  clayey  or  slippery  material  it 
i?  not  so  important,  if  only  the  pressure  from  the  pump  is  suffi- 
cient to  force  the  material  through  the  pipe,  even  if  the  pipe  is 
almost  full  of  it. 

Mr.  Vischer. — I  feel  as  though  it  was  almost  an  imposition 
to  ask  Mr.  Bowers  for  so  much  information,  after  what  he  has 
said,  but  as  we  know  he  has  all  these  things  at  his  fingers'  ends, 
I  would  ask  him  to  give  us  a  few  figures  as  to  the  size  of  his 
dredgers,  and  how  much  they  handle. 
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Mr.  Bowers. — The  first  dredge  that  I  built,  after  the  experi- 
mental apparatus  which  has  been  referred  to  this  evening,  was  the 
"Anaconda."  That  was  put  into  operation  at  Glorietta  Bay,  a 
bight  in  the  Bay  of  San  Diego.  The  material  there  was  very  hard, 
compact  sand..  The  dredge  handled,  in  one  run  of  5  hours  and 
20  minutes,  something  over  3000  cubic  yards.  That  was  the  first 
work  of  the  first  complete  dredge  that  I  built.  It  was  a  dredge 
of  about  175  horse-powder  on  the  pump.  That  same  dredge,  after 
being  taken  to  Tacoma,  on  Puget  Sound,  handled  165,000  cubic 
yards  in  20  days,  running  continuously.  The  material  was  a  sedi- 
mentary deposit,  composed  partly  of  sand  and  partly  of  clay. 
That,  I  believe,  is  the  best  record  ever  made.  No  other  hydraulic 
dredge,  with  a  single  cutter  and  with  the  same  power,  has  come 
up  to  this. 

I  constructed,  for  the  Bowers  Dredging  Company,  a  second 
dredge  of  some  400  horse-power,  and  that  is  the  one  that  handled 
the  gravel  and  cobblestones  to  which  I  have  just  referred.  It 
has  not  yet  had  an  opportunity  of  showing  what  it  would  do  under 
favorable  circumstances.  The  dredgers  on  the  Chicago  Drainage 
Canal  made  no  such  continuous  record  as  the  "Anaconda,"  even  in 
the  semi-liquid  material  which  they  handled  there,  but  for  short 
spurts  of  one  or  two  days  they  exceeded  the  average  output  of 
the  "Anaconda"  for  these  20  days  of  which  I  have  spoken.  I  think 
that  the  highest  record  they  made  at  Chicago  was  a  little  over 
100,000  cubic  yards  in  a  single  month.  I  have  the  figures  some- 
where, bi:t  my  recollection  is  that  it  was  about  that.  It  may, 
perhaps,  have  been  a  little  higher,  I  am  not  quite  sure. 

The  Von  Schmidt  dredgers  at  Washington,  D.  C,  at  work 
on  the  Potomac  Flats,  handled,  in  soft  mud,  something  over 
100,000  cubic  yards  a  month.  At  one  time  they  were  working 
in  sand  and  discharging  a  mixture  of  gravel  and  boulders  through 
1400  to  1700  feet  of  pipe.  In  this  material  they  moved  from  700 
to  1200  cubic  yards  per  day.  It  was  frequently  necessary,  during 
the  day,  to  raise  the  cutter  and  wash  out  the  discharge  pipe  by 
pumping  clear  water.  It  would  sometimes  take  two  hours  to 
clear  the  pipe  of  cobblestones,  which,  in  passing  through  it,  would 
frequently  make  a  racket  similar  to  that  of  a  passing  train  of  cars. 

Mr.  G.  W.  Dickie. — I  had  some  experience  in  dredging 
machines  as  far  back  as  i860  and  up  to  1869,  in  connection  with 
dredgers  built  by  Siemens,  on  the  Clyde.  These,  as  you  know, 
were  the  standard  type  of  chain  bucket  dredgers.  I  am  not  sure 
whether  any  of  the  suction  types  of  dredging  machines,  on  a  gen- 
eral proposition,  will  equal  the  old  chain  bucket  dredger.     There 
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are  places  where  the  pump  dredger  will  do  better,  and  certain 
kinds  of  material  which  it  will  lift  and  deposit  cheaper,  if  the 
distance  is  not  too  great.  I  have  in  mind  a  dredger  that  was  used 
by  a  railway  company  in  England  for  years,  and  it  never  was  laid 
up  but  a  day  or  two  at  a  time  for  repairs.  It  would  dredge  3000 
tons  of  material  a  day,  mostly  ( i  stifif  clay — so  stiff  that  when  it 
fell  out  of  the  bucket  it  would  keep  its  shape.  A  good  deal  of 
it  was  moved  about  two  miles,  and  the  average  cost  was  a  little 
less  than  3  pence,  or  6  cents,  per  cubic  yard.  I  have  not  heard 
to-night  that  any  dredging  has  been  done  here  as  cheaply  as  that, 
even  in  easily  handled  material. 

When  we  were  preparing  for  the  dry  dock  at  the  Union  Iron 
Works  the  San  Francisco  Bridge  Company  had  the  contract  for 
dredging.  If  I  remember  correctly,  we  paid  them  15  cents  a  cubic 
yard.  As  a  matter  of  curiosity,  I  kept  the  time  of  all  the  hands 
employed,  the  amount  of  coal  burned  and  of  other  supplies,  as 
near  as  I  could,  and  the  actual  cost  was  between  9  and  10  cents 
a  cubic  yard.  This  shows  that  the  method  of  dredging  was  not 
very  cheap.  Sometimes  the  amount  of  material,  as  compared  with 
the  amount  of  water  pumped,  was  not  very  great;  at  other  times 
it  was  up  to,  I  should  say,  60  per  cent.,  and  again  it  went  down, 
probably  to  not  over  20  per  cent.,  and  especially  when  the  ma- 
chine was  taking  the  material  below  30  feet  and  the  ground  got 
a  little  hard. 

A  large  proportion  of  the  drsdging  that  will  have  to  be  done 
in  the  harbors  of  this  country,  I  think,  will  follow  the  course  that 
has  been  pursued  in  Europe;  that  is,  to  carry  the  material  a  long 
way.  Here  we  deposit  the  material  a  few  hundred  yards  from 
the  water  front,  and  it  is  not  long  before  it  comes  back  again. 
Where  it  is  not  convenient  to  deposit  on  shore,  the  material  should 
be  carried  out  and  dumped  beyond  the  ocean  bar. 

The  pump  dredger  will  have  quite  a  field  of  operation  under 
circumstances  which  favor  that  kind  of  dredging,  but  J  am  sure 
that  a  very  large  proportion  of  dredging  will  not  admit  of  it,  sim- 
ply for  want  of  a  convenient  place  to  put  the  material.  It  can 
be  used  only  where  the  material  can  be  deposited  within  certain 
distances  from  the  excavation. 

R.  H.  PosTLETHWAiTE. — I  camc  here  recently  from  New 
Zealand,  where  a  great  deal  of  dredging  for  gold  has  been  done. 
It  commenced  thirty-odd  years  ago.  It  started  with  the  old  spoon 
dredge,  which  now  has  developed  into  the  dipper  dredge.  It  was 
originally  worked  by  hand  power,  after  which  a  current  wheel 
was  used,  having  continuous  buckets,  similar  to  those  used  now; 
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but  this  could  be  used  only  for  dredging  in  the  current  of  the  river, 
and  could  not  touch  the  banks,  where  there  is  a  large  quantity  of 
good  gold-bearing  dirt.  Therefore,  this  style  of  dredger  had  a 
very  limited  field  of  operation.  After  that  came  the  bucket 
dredge,  with  an  engine  on  board,  run  by  steam,  so  that  it  might 
work  anywhere.  I  think  we  have  over  100  of  these  dredgers 
running  in  New  Zealand. 

To  handle  dirt  for  our  purposes  successfully  and  cheaply,  we 
nnist  have  a  machine  that  will  work  continuously.  Especially 
in  the  saving  of  gold  do  we  want  a  regular,  continuous  stream. 
The  dredgers  we  are  using  will  not  only  lift  heavy  material  like 
gravel,  but  also  stones  and  boulders,  from  200  pounds  to  a  ton 
in  weight.  I  think  you  will  find  a  very  large  field  for  dredging 
in  this  state  when  I  tell  you  that  for  years  in  New  Zealand  we 
have  operated  dredges  in  heavy  material,  lifting  it  from  45  to  50 
feet  above  the  surface  of  the  water.  Lifting  it  from  20  to  30  feet 
has  cost  less  than  5  cents  a  cubic  yard.  We  reckon  there  that 
anything  over  3  cents  a  cubic  yard  will  pay  expenses,  and  there 
are  dozens  of  dredgers  now  which  are  working  dirt  that  is  not 
paying  more  than  that,  while  those  averaging  5  cents  a  cubic 
yard  are  paying  handsomely.  In  removing  sand  we  might  be 
able  to  use  the  suction  dredge  more  successfully.  Every  dredge 
must  be  built  to  suit  the  conditions  in  which  it  is  to  be  used. 
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PIPE  L1:NE  XO.  2  AND  THE  LAXDS  IRRIGATED  UNDER 
IT  AT  CORONA,  RIVERSIDE  CO.,  CAL. 


By   H.    Clay   Kellogg,    Member   of  the  Technical   Society  of  the 

Pacific  Coast. 


[Read  before  the  Society,  November  5,  1897.*] 

Corona,  formerly  known  as  South  Riverside  Colony,  is  situ- 
ated on  a  mesa  about  three  miles  in  width  and  six  miles  in  length, 
on  the  northeastern  slope  of  the  Santa  Ana  Mountains,  with  a 
fall  of  150  feet  to  the  mile.  The  colony  was  laid  out  in  1886-7, 
and  the  first  pipe  line  was  completed  in  July,  1887.  To-day  the 
town  and  colony  has  a  population  of  about  2000  inhabitants,  and 
there  are  7000  acres  planted  to  orchards,  mostly  oranges  and 
lemons. 

The  water  supply,  which  is  taken  from  the  Temescal  Cafion, 
has  for  the  most  part  been  developed,  as  there  were  only  about 
fifty  miners  inches  in  sight  in  the  beginning.  These  developments 
have  been  made  by  running  submerged  drains,  building  reservoirs 
and  boring  artesian  wells.  Lake  Elsinore  has  also  been  secured  as 
a  reserve  supply. 

The  increased  demand  for  land  caused  investigations  to  be 
made  looking  to  the  construction  of  a  higher  pipe  line  to  irrigate 
the  choice  lands  above  the  line  already  built.  This  led  to  the 
construction  of  pipe  line  No.  2,  the  subject  of  this  article.  This 
line  has  a  capacity  of  400  inches,  and  is  150  feet  in  elevation  above 
pipe  line  No.  i,  taking  in  an  additional  area  of  2000  acres. 

*  Manuscript  received  November  15,  1897. — Secretary,  Ass'n  of  Eng.  Sees. 
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SOURCE    OF    SUPPLY. 

Pipe  line  No.  2  is  supplied  by  artesian  wells  and  by  a  mountain 
stream,  known  as  Cold  Water  Caiion.  The  supply  from  this 
stream  is  about  125  inches  in  winter  and  25  inches  in  summer, 
leaving  the  major  portion  to  be  supplied  by  the  wells.  These 
wells  are  situated  in  a  basin  at  the  mouth  of  Cold  Water  Cafion. 
This  basin  is  caused  by  a  dike  of  fire  clay  which  runs  almost  paral- 
lel to  the  mountain  range,  course  N.,  58°  W.  I  regard  this  dike 
as  the  most  important  natural  feature  in  our  water  supply.  I 
have  traced  it  for  about  15  miles  by  the  outcroppings,  where  large 
washes  from  the  mountains  intersect  it,  and  by  springs  which 
appear  all  along  the  line.  In  the  driest  season  of  the  year  the 
mountain  gorges  are  dry,  except  where  they  intersect  this  dike, 
and  the  peculiar  feature  of  this  is  that  living  springs  are  found 
only  along  this  dike.  This  is  forcibly  illustrated  by  a  spring  on 
top  of  the  mountain,  at  the  northwest  end,  where  the  dike  mter- 
sects  it.  My  theory  is  that  the  subterranean  flow  from  the  north- 
eastern slope  of  the  Santa  Ana  or  Temescal  range  is  intercepted 
by  this  dike,  and  that  at  the  basin  mentioned,  where  the  artesian 
wells  are  located,  the  dike  is  farther  from  the  mountains,  making 
this  the  largest  part  of  the  subterranean  reservoir.  It  is  also 
opposite  the  highest  peaks  of  the  range,  which  are  drained  by 
Cold  Water  Canon.  I  have  no  maps  that  definitely  give  the  area 
of  the  watershed.  The  elevation  of  the  highest  peak  is  5730  feet, 
and  the  elevation  at  the  wells  about  iioo  feet. 

The  wells  are  13  in  number,  and  vary  from  130  to  260  feet 
in  depth,  the  best  flows  being  obtained  at  130  and  165  feet  in 
depth.  These  wells,  if  capped  during  the  winter  months,  will 
supply  about  300  inches  of  water,  and  they  have  thus  far  been 
adequate  to  the  demand. 

PIPE  LINE   NO.   2. 

The  total  length  of  the  line  is  30,093  feet,  from  the  wells  to 
the  intersection  of  the  lands  that  are  irrigated.  It  is  located  over 
the  most  irregular  and  broken  country  I  have  seen  where  water 
has  been  conducted,  lying  parallel  to  a  precipitous  mountain  and 
intercepting  the  mountain  washes  at  right  angles.  In  locating 
the  line,  two  objects  had  to  be  kept  in  view,  namely:  to  secure 
economy  of  construction,  and  to  take  in  all  the  land  possible. 
There  were  four  heavy  ridges  to  cross,  and,  to  avoid  long  tunnels, 
a  slight  detour  was  made  and  more  pressure  pipe  used.  The 
pressure  pipe  was  found  to  be  cheaper,  and  it  did  not  materially 
alter  the  elevation  of  the  grade  line  at  the  terminus.     Having  our 
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capacity  fixed  at  400  miner's  inches, 
I  established  the  hydrauHc  parade  at 
4  feet  to  the  mile  for  28-inch  pipe  and 
7  feet  to  the  mile  for  24-inch  vitrified 
pipe  and  for  all  24-inch  steel  pipe 
ased  in  inverted  siphons.  In  the 
construction  we  put  in  30-inch  pipe 
for  the  first  4437  feet  on  a  grade  of 
3.2  feet  to  the  mile,  5267  feet  of  28- 
inch  pipe  on  a  grade  of  4  feet  to  the 
mile,  6237  feet  of  24-inch  vitrified 
pipe  on  a  grade  of  7  feet  to  the  mile, 
and  14,125.1  feet  of  24-inch  double- 
riveted  steel  pipe,  which  was  dis- 
tributed throughout  the  line  in  15 
inverted  siphons  across  the  canons 
and  washes. 

CEMENT    PIPE. 

The  cement  pipe  was  made  of 
three  and  one-half  parts  of  clean, 
sharp  bar  sand  to  one  of  cement,  and 
the  mortar  used  for  laying  was  made 
of  two  parts  fine,  sharp  sand  to  one 
of  cement.  The  pipe  was  made 
within  a  mile  of  the  line,  in  Temescal 
creek,  where  the  very  best  quality  of 
sand  and  gravel  can  be  found  in 
large  quantities.  The  vitrified  pipe 
was  made  at  the  Pacific  Clay  Manu- 
facturing Company's  Works,  which 
are  located  at  Corona.  The  pipe 
used  was  a  good  quality  of  salt- 
glazed  pipe. 

DITCH. 

The  ditch  to  receive  the  pipe 
was  made  3  feet  wide  on  the  bottom, 
with  side  slope  of  -J  to  i  foot.  The 
material  was  a  nuick  for  the  first 
half-mile,  at  the  upper  end  in  the 
well  basin,  hard  gravelly  clay  and 
hard  pan  on  the  ridges  and  loose 
rock  and  boulders  across  the  washes. 


PIPE  LINE  NO.  2  AT  CORONA,  RIVERSIDE  CO.,  CAL.     169 

There  were  three  tunnels,  eaeh  about  300  feet  in  length,  through 
tous^h  elay  and  soapsrone.  They  required  no  timbering.  All  the 
work  was  done  by  contract,  and,  while  the  specifications  and  adver- 
tisements were  made  to  divide  the  work  up  into  small  sections,  all 
the  work  was  contracted  to  one  party,  except  the  steel  pipe,  which 
was  made  a  separate  contract. 

CONTRACT    PRICES. 

Common  earth,  13J.2  cents  per  j-ard. 

Ditch  work,  hard  pan,  46  cents  per  yard. 

30-incli  cement  pipe,  hiid  in  ditch,  $1.16  per  hneal  foot. 

28-inch  cement  pipe,  laid  in  ditch,  $i.og  per  hneal  foot. 

24-inch  vitrified  pipe,  laid  in  ditch,  $1.20  per  Hneal  foot. 

Manholes,  $3.00  each. 

Bell  holes,  $1.50  each. 

STEEL    PRESSURE    PIPE. 

All  pipe  under  a  head  of  65  feet  or  less  was  No.  14  Birming- 
ham gauge,  weight  not  less  than  3.12  pounds  to  the  foot,  and  all 
pipe  under  a  head  greater  than  65  feet  was  No.  12  Birmingham 
gauge,  weight  not  less  than  4.3  pounds  to  the  foot.  All  pipe  laid 
with  a  head  of  30  feet  or  less  \¥as  laid  with  a  driven  joint.  All 
pipe  laid  under  a  head  greater  than  30  feet  was  riveted  together 
in  the  trench.  The  pipe  w^as  in  lengths  of  from  21  to  24  feet. 
All  pipe  was  coated  with  J.  D.  Hooker's  asphalt  coating.  An 
8-inch  blow-off  gate  was  put  in  at  the  lowest  point  of  each  siphon, 
and  an  air-valve  where  the  pipe  crossed  a  ridge  between  two  low 
points.     This  occurred  in  only  three  instances  in  the  entire  line. 

PRICES    PER    LINEAL    FOOT. 

No.  14,  24-inch  double-riveted  steel  pipe,  laid  in  trench  with  driven 
joints,  $1.39. 

No.  14,  24-inch  double-riveted  steel  pipe,  laid  in  trench  with  riveted 
joints,  $1.58. 

No.  12,  24-inch  double-riveted  steel  pipe,  laid  in  trench  with  riveted 
joints,  $1.96.5. 

Angles  and  curves,  three  times  the  price  per  foot  of  the  pipe  used. 

Blow-off  gates,  $45.00  each;  air  valves,  $18.00  each. 

This  made  the  total  cost  of  steel  pipe,  $25,479.15. 

The  contracts  were  signed  on  January  7,  1892.  The  work 
was  to  be  completed  by  April  10  of  the  same  year.  It  was  practi- 
cally finished  on  May  i. 

CONSTRUCTION. 

F.  M.  French,  of  Los  Angeles,  was  the  contractor  for  all  the 
work,  except  steel  pipe,  which  was  made  and  put  in  by  J-  D. 
Hooker,  of  Los  Angeles. 
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The  contract  for  the  cement  and  vitrified  pipe  was  sublet  to 
the  Pacific  Clay  Manufacturing  Company,  a  large  portion  of  the 
vitrified  pipe  being  already  made  at  the  factory.  Within  two 
weeks  200  feet  of  cement  pipe  was  being  made  per  day,  while  a 
large  force  of  men  and  teams  was  opening  up  the  ditch.  The 
entire  work  was  pushed  with  the  same  characteristic  vigor  until 
completed,  with  scarcely  a  hitch  anywhere.  Many  difficulties  were 
encountered,  but  they  were  generally  provided  for  in  advance, 
and  expensive  experiments  with  large  forces  were  avoided. 

The  only  part  of  the  line  that  gave  us  any  serious  annoyance 
was  the  first  1800  feet  leading  out  of  the  well  basin.  This  was 
in  a  black  muck  full  of  water,  and  the  bottom  of  the  ditch  was  so 
soft  that  it  would  not  bear  the  weight  of  a  man.  The  ditch  aver- 
aged about  4  feet  in  depth  and  4  feet  wide  on  the  bottom,  but 
when  I  went  to  inspect  it,  prior  to  laying  the  pipe,  about  a  month 
after  it  was  dug,  I  found  it  closed  in  to  2  feet  in  width  in  many 
places.  We  then  considered  the  question  of  changing  the  struc- 
ture at  this  point  to  a  flume,  but,  as  a  flume  had  not  proved  very 
satisfactory  in  a  similar  case,  we  decided  to  experiment  with  the 
pipe,  as  it  was  already  on  the  ground.  And  near  at  hand  there 
was  an  abundance  of  willows,  from  3  to  4  inches  in  diameter.  I 
had  these  cut  into  4-foot  lengths  and  placed  crosswise  of  the  ditch, 
as  close  as  they  could  be  laid,  and  then  placed  two  i"  by  6" 
boards  lengthwise,  about  10  inches  apart,  on  top  of  the  willows. 
To  our  surprise,  we  found  that  the  cement  pipe,  which  weighed 
about  130  pounds  to  the  foot,  could  be  laid  on  this  foundation 
without  difificulty.  As  soon  as  the  pipe  was  laid,  I  had  sand  and 
gravel  tamped  in  on  the  sides  to  a  depth  of  14  inches,  using  about 
I  cubic  yard  to  every  4  lineal  feet.  This  may  seem  to  be  a  reck- 
less expedient,  but  the  pipe  has  not  settled  or  given  us  any  trouble 
since,  and  it  has  been  in  use  five  years.  On  all  grade  pipe  man- 
holes were  placed  at  intervals  of  300  feet,  and,  in  addition,  a  man- 
hole was  placed  within  15  feet  of  each  end  of  each  inverted  siphon. 
On  the  cement  pipe  these  manholes  were  made  by  cutting  a  hole 
with  a  cold  chisel  in  the  top  of  the  pipe,  and  cementing  on  verti- 
cally a  joint  of  pipe  2  feet  in  length,  or  a  sufficient  number  of 
joints  to  bring  the  top  of  the  standpipe  above  the  surface  of  the 
ground.  For  the  vitrified  pipe  a  special  joint  was  made  with  an 
18-inch  opening  on  the  side,  to  which  the  pipe  was  attached  verti- 
cally, as  before.  Subsequently  I  had  wooden  covers  made  and 
bolted  on  the  tops  of  these  standpipes  with  from  six  to  eight  f-inch 
holes  for  air  vents. 

The  connections  with  the  steel  pipe  were  made  by  extending 
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the  cement  pipe  about  18  inches  over  the  end  of  the  steel  pipe. 
After  carefuhy  caulking  the  seam,  a  masonry  pier,  18  inches  in 
thickness  and  4  feet  in  length,  was  placed  around  this  connec- 
tion. On  a  connection  with  vitrified  pipe  a  joint  of  the  28-inch 
cement  pipe  was  supplied. 

TUNNELS. 

The  tunnels  were  made  4  feet  wide  on  the  bottom  and  about 
5|  feet  high.  They  were  lined  with  28-inch  cement  pipe  and  back- 
filled with  sand  to  the  top  of  the  pipe.  The  rest  of  the  space  was 
filled  with  the  material  excavated. 

ENGINEERING. 

The  writer  himself  established  the  center  line  prior  to  the 
commencement  of  the  work,  and  made  out  a  table  showing  the 
station,  course,  elevation  and  grade.  The  additional  data  for  a 
working  section  were  afterward  supplied.  The  slope  stakes  were 
set  immediately  in  advance  of  the  graders  by  the  writer's  assistant 
in  charge  of  the  grading.  In  this  connection  it  will  be  in  order 
to  state  that,  two  years  before,  a  careful  preliminary  survey  was 
made,  with  a  complete  estimate  of  cost,  and  the  contracts  were 
let  on  this  estimate,  subject  to  any  changes  or  corrections  the 
writer  might  make  during  the  progress  of  the  work.  During  the 
progress  of  the  work  he  had  five  assistants.  One  set  the  slope 
stakes,  ran  all  the  levels  for  finishing  grades  and  looked  after  the 
graders.  Another  assistant,  who  was  an  engineer,  looked  after 
each  gang  of  pipe-layers.  There  were  three  gangs  laying  vitrified 
and  cement  pipe  and  one  gang  laying  steel  pipe.  These  assist- 
ants were  to  inspect  every  joint  of  pipe  as  it  was  laid,  rejecting 
all  imperfect  pipe;  also,  to  see  that  the  mortar  was  mixed  in 
accordance  with  the  specifications,  and  to  see  that  each  joint  was 
properly  lined  in  the  trench.  They  kept  a  record  of  the  work 
done,  carefully  noting  any  special  features.  This  record  was 
turned  over  to  the  writer  every  time  he  passed  over  the  line,  and 
if  any  question  arose  as  to  the  quality  of  pipe  or  character  of  work 
done,  it  was  left  for  his  inspection.  The  assistants  were  given  no 
authority  to  finally  accept  or  reject  any  of  the  work,  a  provision 
of  the  specifications  which  proved  very  valuable,  as  it  made  the 
contractor  more  careful.  The  writer  went  over  the  work  at  least 
twice  a  week,  and  in  three  instances  had  work  taken  out  after  it 
was  supposed  to  be  finished.  He  crawled  through  all  the  grade 
pipe  and  inspected  it  with  a  torch  after  it  was  finished.  To  some 
this  may  seem  extreme  caution,  or  lack  of  confidence  in  the  assist- 
ants, but  it  is  believed  that  the  cause  of  failure  in  nianv  works  of 
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this  kind  is  the  result  of  carelessness  in  the  details  of  construction 
rather  than  in  the  specifications,  and  that  success  depends  upon 
the  thorough  completion  of  every  i)art. 

There  were  instances  where  imperfect  joints  were  made,  that 
had  escaped  the  notice  of  the  inspectors.  One  of  the  greatest 
advantages  of  this  inspection  was,  that  it  made  all  parties  attentive 
and  extremely  careful  in  their  work. 

The  water  was  run  through  the  line  before  the  work  was 
accepted,  and  final  i)ayment  was  made  30  days  afterward. 

COST. 

The  amount  paid  for  digging  ditch,  laying  cement  and  vitrified 

pipe  and  backfilHng  the  entire  line  was 5^29,085.00 

Amount  paid  for  steel  pipe 25,479.15 


Total  construction   $54.564. 15 

Engineering  superintendence,  including  chief  engineer 3,895.00 

Preliminary   survey 800.00 

Total    $59,259.15 

DISTRIBUTING    MAIN. 

The  distributing  main  across  the  mesa  will  be,  when  com- 
pleted, about  6  miles  in  length.  The  first  10,239  feet  is  of  28-inch 
cement  pipe,  the  second  10,000  feet  24-inch  vitrified  pipe  and  the 
remainder  18-inch  pipe.  The  28-inch  pipe  and  2000  feet  of  the 
24-inch  pipe  were  put  in  at  the  same  time  as  the  main  line  (1892), 
at  a  cost  of  $1.33  per  foot,  complete.  The  remainder  of  the  24- 
inch  pipe  was  put  in  in  1894-6.  The  line  is  located  on  a  grade 
contoiu-  with  a  fall  of  3  feet  to  the  mile,  the  contour  of  the  ground 
being  followed,  so  that  the  cut  at  any  point  is  not  less  than  2  feet  or 
more  than  4  feet.  An  avenue  80  feet  wide  was  located,  so  that 
there  is  a  70-foot  street  on  the  lower  side,  which  makes  it  possible 
to  irrigate  the  upper  side  of  the  first  lots.  At  all  points  where  dis- 
tributing laterals  were  taken  out,  a  box,  3  feet  square  on  the 
inside,  was  placed  on  the  main  line,  the  bottom  of  the  box  and 
the  outlet  pipe  being  placed  6  inches  below  the  main  pipe.  These 
boxes  were  made  of  concrete  (i  part  cement  to  7  parts  sand  and 
gravel,  plastered  on  the  inside  with  a  mortar  of  i  to  i).  Cast 
iron  gates  were  cemented  into  the  side  of  the  box  at  the  end  of 
the  laterals.  This  construction  has  proved  very  satisfactory.  The 
cost  was  about  $8  for  each  box. 

Before  describing  the  distributing  system,  it  will  be  necessary 
to  describe  the  method  of  sul)dividing  the  land  under  this  systein. 
The  method  is  tmique,  but  as  it  has  fully  come  up  to  all  expecta- 
tions, and,  in  practice,  has  successfully  met  all  the  criticisms  that 
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were  offered,  tlie  writer  has  no  hesitancy  in  placing  it  before  the 
Society  as  the  best  method  to  be  used  where  the  land  slopes 
uniformly  in  two  directions.  As  already  stated,  these  lands  had 
a  slope  of  150  feet  to  the  northeast.  In  addition  to  this,  they 
were  slightly  undulating  at  right  angles  to  the  slope,  so  that  it 
was  not  always  certain  that  the  water  would  run  at  right  angles 
in  one  direction  from  a  lateral  pipe  running  down  this  slope,  and, 
even  if  it  did,  there  would  have  to  be  a  lateral  for  each  tier  of  lots. 
As  these  laterals  cost  about  $2500  per  mile,  it  was  suggested  that 
a  subdivision  be  devised  in  which  one  lateral  would  accommodate 
two  rows  of  lots.  It  was  found  that  by  this  means  between  $8000 
and  $10,000  could  be  saved  in  the  cost  of  laterals  on  this  tract. 
The  following  plan  of  subdividing  was  devised: 


v*v5 


0      23r,.2  in.i   7ns.r.   m.n    u.si  j„.,j,.,,  g,,^,,.  „,.j..,..., 
Fig.  3.     Pl.\n  ok  Subdivtston. 

The  street  and  lateral  lines  of  pipe  were  placed  as  nearly  as 
possible  at  right  angles  to  the  main  line,  and  the  corners  of  the 
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lots  were  moved  up  the  slope  along  the  laterals,  so  as  to  insure 
a  fall  of  not  less  than  i8  inches  along  the  upper  line  of  each  lot. 
Contour  lines  were  run,  and  the  lines  established  on  each  block,  in 
accordance  with  the  slope  of  the  ground. 

As  is  usual  with  all  new  departures  of  this  kind,  many  objec- 
tions w^ere  offered.  As  the  tract  was  to  be  set  out  to  trees,  it 
was  claimed  that  the  lots  should  be  square,  but  it  was  easily  shown 
that  the  rows  would  be  just  as  straight  in  parallelograms.  As  a 
result,  these  lots  have  commanded  the  highest  prices,  as  they 
furnish  more  opportunity  for  the  exercise  of  taste  in  their  improve- 
ment. More  than  half  of  the  tract  is  now  planted,  there  are  many 
bearing  orchards,  and  their  appearance  is  a  sufBcient  commenda- 
tion of  the  plan. 

The  distributing  laterals  are  made  of  7  and  8-inch  vitrified 
pipe,  laid  about  2  feet  below  the  surface.  The  outlet  gates,  at 
the  upper  side  of  the  lots,  were  made  by  building  square  brick 
boxes  in  the  line,  extending  15  inches  above  the  surface  and 
having  flumes  attached  to  each  side.  These  arc  called  head 
flumes.  They  extend  along  the  upper  side  of  the  lots.  They  are 
made  of  wood,  cement  and  vitrified  clay,  and  they  vary  in  size 
from  8  to  12  inches  square,  to  correspond  with  the  grade.  I  pre- 
fer the  cement  flume,  w'hich  costs  about  18  cents  per  lineal  foot. 
The  sides  are  4  inches  and  the  bottom  2  inches  in  thickness. 
About  every  6  feet  outlets  were  made,  from  which  the  water  runs 
down  small  furrows,  requiring  about  10  to  12  hours  to  cross  a 
lot  528  ieet  wide.  The  water  is  turned  out  of  the  lateral  by  a 
cast  iron  gate  cemented  into  the  lower  side  of  the  outlet  box. 
The  usual  irrigating  head  is  25  miner's  inches,  equal  to  ^  cubic 
foot  per  second.  Young  orchards  are  irrigated  every  30  days, 
during  the  summer;  older  orchards  about  once  every  6  weeks. 
The  equivalent  of  from  2^  to  3  inches  depth  of  water  is  put  on  at 
each  irrigation. 
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Paint  Tests. 


Discussion  by  Mr.  W.  J.  Wilgus  of  Paper  by  Mr.  Max  Toltz.* 


[Read  before  the  Civil  Engineers'  Society  of  St.  Paul,  November  i,  iSg/.f] 

As  THE  results  of  my  own  experiments  and  observations  differ 
somewhat  from  those  of  Mr.  Toltz,  I  deem  that  the  following  re- 
marks may  be  appropriate : 

Mr.  Toltz's  recommendations,  briefly  stated,  are  as  follows: 

1st.     Priming  coat  of  linseed  oil. 

2d.     Coat  of  asphaltic  varnish. 

3d.     Coat  of  graphite  paint. 

The  use  of  a  priming  coat  of  linseed  oil  is  discountenanced 
by  many  engineers  as  tending  to  act  as  a  "catch-all"  for  grit,  dirt, 
etc.,  which  are  embalmed  in  the  oil  as  it  hardens,  and  are  never 
perfectly  removed.  There  is,  however,  the  more  serious  objec- 
tion pointed  out  by  Mr.  J.  Spenrath,  in  his  prize  essay  on  "Pro- 
tective Coverings  for  Iron,"  published  in  the  Railroad  Car  Journal, 
that  linseed  oil,  without  a  pigment,  never  thoroughly  hardens,  and 
ultimately  blisters  the  succeeding  coatings  of  paint.  In  the 
writer's  opinion,  the  preferable  method  is  to  enforce  rigidly  that 
clause  in  our  specifications  which  provides  that  the  surface  of  the 
steel  shall  be  thoroughly  cleaned  by  the  sand  blast  or  other  ap- 
proved method  before  the  application  of  the  priming  coats  at  the 
shop,  even  if  the  manufacturer  must  be  paid  an  additional  price 
for  so  doing. 

The  use  of  asphaltic  varnish  for  the  first  coat  of  paint  is,  from 
my  observation,  inferior  to  that  of  a  heavy  coat  of  red  lead  and  oil 
applied  to  a  clean,  dry  surface.  The  assertion  of  Mr.  Toltz  that 
many  progressive  engineers  are  discarding  the  use  of  red  lead  is, 
I  consider,  unsupported  by  facts.  Mr.  Walter  Berg,  Principal 
Assistant  Engineer  Lehigh  Valley  Railroad,  has  made  a  careful, 
exhaustive,  and  intelligent  research  into  the  merits  of  various 
paints  for  railroad  bridges,  and,  in  an  article  published  about  a 
year  ago,  he  states  that  replies  to  inquiries  as  to  the  prevailing 
practice  on  about  30  prominent  railways  show  that  over  80  per 
cent,  recommended  using  red  lead  and  oil  for  priming  coats. 
Moreover,  as  a  result  of  his  extensive  study  of  the  problem,  he 
endorses  that  practice.  Spenrath  holds  that  the  sole  weakness  of 
red  lead  lies  in  its  being  attacked  by  hydric-sulphide,  but  with  a 

*  Printed  in  Journal  of  June,  1897,  vol.  xviii,  No.  6. 
tManuscript  received  November  20,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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suitable  second  and  third  coat  of  paint  this  objection  is  of  little 
paints,  and  submerging  them  for  two  weeks  in  water  containing 
weight.  'Neither  does  Mr.  Toltz  produce  any  evidence  supporting 
his  adverse  opinion  of  red  lead  and  oil. 

At  the  last  annual  meeting  of  the  Master  Car  and  Locomottve 
Painters'  Association  the  preponderance  of  evidence  submitted  by 
various  members  went  to  prove  that  red  lead  and  oil,  as  a  protec- 
tive coating  for  the  metal  parts  of  cars  and  trucks,  is  unsurpassed. 
Mr.  Toltz  remarks  that  the  fact  that  advocates  of  red  lead  and  oil 
had  begun  to  add  carbon  black  and  graphite  to  their  paint  is  a  sure 
indication  of  their  own  disbelief  in  red  lead  alone  as  the  best  pig- 
ment. This  remark  seems  to  have  as  much  weight  as  the  one  to 
the  effect  that  the  engineer  using  salt  for  mixing  mortar  in  freez- 
ing weather  really  doubts  the  value  of  cement  as  a  binding  material. 
Lampblack  and  graphite  are  often  used  with  red  lead  and  oil,  not 
necessarily  to  improve  the  lasting  qualities  of  the  pigment,  but  to 
make  the  paint  w'ork  smoothly  and  evenly.  Their  use  certainly  in 
no  way  reflects  upon  the  basic  material  as  a  preservative. 

The  experiments  and  examinations  of  various  paints,  in  actual 
use  by  the  writer,  confirm  the  above  conclusions.  Tests  made  by 
covering  clean,  bright  steel  plates  with  two  coats  of  12  different 
one-half  ounce  of  hydrochloric  acid  to  one  gallon  of  water,  dis- 
closed the  fact  that  the  relative  merits  of  the  paints  thus  tested 
were  as  follows: 

1st.     Red  lead  and  linseed  oil. 

2d.     Asphaltic  varnish  (pure,  genuine)  paints. 

3d.     Carbonizing  paints. 

4th.     Graphite  paints. 

^th.     Iron  oxide  paints. 

6th.     Cheap  patent  paints. 

These  tests  gave  excellent  comparative  results,  as  they  empha- 
sized the  value  of  the  three  cardinal  virtues  of  a  good  paint : 

(a)  Good  adhesion  to  the  metal. 

(b)  Lack  of  porosity. 

(c)  Resistance  to  chemical  and  galvanic  action. 

The  absence  of  any  one  of  these  three  qualities,  even  if  the 
other  exist,  will  cause  the  paint  to  fail. 

Observations  of  paint  on  many  steel  bridges  confirm  the  con- 
clusions above  stated. 

The  color  of  red  lead  is  of  course  objectionable,  and  for  second 
and  third  coats  the  use  of  asphaltic  varnish  paint  is  to  be  recom- 
mended. During  the  past  four  years  the  majority  of  the  new 
bridges   on    the    Rome,    Watertown    and    Ogdensburg    Railroad, 
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which  were  originahy  coated  with  cheap  patent  paints,  have  been 
repainted  with  a  paint  prepared  from  a  formula  given  by  Dr.  C.  B. 
Dudby,  as  follows: 

4  pounds  of  pure  lampblack  ground  in  raw  linseed  oil. 

|-  gallon  genuine  asphaltic  varnish. 

^  gallon  pure,  refined,  boiled  linseed  oil. 

^  gallon  drying  japan. 

These  ingredients  were  purchased  and  mixed  by  the  railroad 
company,  and  cost  from  60  to  80  cents  per  gallon.  One  gallon 
covered  about  350  square  feet,  and  the  cost  of  cleaning  the  sur- 
faces and  applying  one  coat  of  paint  cost,  on  an  average,  5o  cents 
per  net  ton  of  bridge  material. 

The  results  from  the  use  of  this  paint  have  so  far  been  ex- 
cellent. 

To  sunmiarize,  the  experience  of  the  writer  has  led  him  to 
favor  the  following  practice : 

FOR    NEW^    WORK. 

1st.  Thoroughly  clean  the  surface  with  the  sand  blast  and 
apply,  at  the  shops,  a  priming  coat  of  red  lead  and  linseed  oil  and 
a  second  coat  of  asphaltic  varnish,  using  special  care  where  sur- 
faces come  in  contact  and  are  shop-riveted,  or  at  parts  that  are 
inaccessible  for  field  painting. 

2d.  Apply  a  third  coat  of  asphaltic  varnish  paint,  after  erec- 
tion. 

REPAINTING    BRIDGES. 

If  in  bad  condition,  clean  all  surfaces  with  the  sand  blast  and 
use  a  priming  coat  of  red  lead  and  oil,  and  a  succeeding  coat  of 
asphaltic  varnish,  as  specified  for  new  work.  In  exposed  places 
a  third  coat  of  asphaltic, varnish  should  be  used. 

If  the  old  paint  is  in  fair  condition,  clean  all  surfaces  from  dirt, 
dust,  scale,  etc.,  and,  after  touching  up  all  bare  or  defective  spots 
with  a  preliminary  coat  of  asphaltic  varnish  paint,  apply  one  coat 
of  the  same  paint. 

The  company  should  purchase  and  mix  all  ingredients  of  the 
paint  to  be  used,  taking  great  care  to  obtain  only  the  pure,  unadul- 
terated articles.  The  majority  of  the  patent  paints  that  flood  the 
market  simply  disguise,  under  euphonious  titles,  a  conglomera- 
tion of  worthless  materials. 

The  importance  of  this  subject,  treating  as  it  does  of  the  armor 
that  is  the  sole  protection  of  our  '"permanent"  steel  bridges  against 
the  ravages  of  their  mortal  enemy,  rust,  is  my  apology  for  thus 
■encroachincf  on  your  time  and  good  nature. 
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VISITS  TO  SCIEXTIFIC  INSTITUTIONS  IN  EUROPE. 


By  Prof.  Edward  W.  Morley,  Ph.D.,  LL.D.,  Honorary  Member  of 
THE  Civil  Engineers'  Club  of  Cleveland. 


[An  address  delivered  before  the  Club,  November  9,  1897.*] 

Ladies  and  Gentlemen: 

In  an  emergency  caused  by  a  disappointment  to  your  Pro- 
gramme Committee,  I  agreed  to  say  something  to  you  about 
some  of  my  visits  to  certain  scientific  institutions  across  the  water. 
That  one  which,  if  I  could  tell  you  the  whole  story,  would  perhaps 
be  the  most  interesting  of  all  to  this  audience  was  the  Imperial 
Institute  at  Berlin,  the  Physikalisch-Technische  Reichsanstalt. 
It  was  planned  mainly  by  the  great  Hermann  von  Helmholz,  and 
was  founded  by  a  most  noble  donation  from  Siemens,  whose  name 
is  well  known  to  all  electricians,  as  well  as  to  other  scientific  men. 

This  institution  is  under  the  care  of  the  Government.  It  is, 
as  its  name  declares,  an  Imperial  Institute.  Its  duties  are  two- 
fold, as  the  adjectives  in  its  name  may  indicate.  One  part  of  its 
functions  is  the  study  of  many  refined  physical  problems,  some 
of  them  too  extensive  or  too  costly  to  be  dealt  with  by  private 
means,  or  even  by  the  semi-public  means  of  the  great  German 
universities.  Another  important  labor  of  the  institute  is  the  veri- 
fication of  almost  any  precise  mechanism  or  apparatus  submitted 
to  it  for  the  purpose. 

In  order  to  illustrate  to  you  the  extent  and  variety  of  thc- 
work  done  in  the  Reichsanstalt,  I  took  the  published  list  of  the 
work  accomplished  by  it  during  the  year  in  which  my  visit  fell, 
and  began  to  copy  the  titles,  but  it  is  too  long  to  read  to  you. 

Among  the  more  strictly  scientific  labors  it  was  pursuing,  I 
will  name  a  few.  It  was  engaged  in  measuring  the  expansion  of 
water  more  accurately  than  had  been  done  before.  It  was  meas- 
uring the  weight  of  a  cubic  foot  of  steam,  with  reason  to  hope 
that  the  accuracy  attained  would  surpass  that  attained  even  by 
that  great  master  of  accuracy,  the  famed  Regnault.  It  was  study- 
ing the  change  of  elasticity  of  a  glass  bar  or  tube  caused  by 
changes  in  temperature;  its  elasticity  at  the  freezing  point  and  its 
elasticity  at  the  boiling  point  of  water  differ  10  per  centum  in 
some  of  the  glasses  which  were  used,  and  but  i  per  centum  in 
others.     It  had  prepared  a  most  elaborate  normal  barometer,  and 
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had  compared  with  this  the  working  barometer  which  is  used  for 
all  ordinary  purposes.  It  had  made  three  series  of  measurements 
of  the  expansion  of  the  three  steel  screws  used  in  Fizeau's  won- 
derful apparatus  for  measuring  expansion.  All  this  is  work  of  a 
high  order,  and  it  is  work  very  necessary  to  have  done;  and  the 
Reichsanstalt  has  the  facilities  for  doing  it.  They  have  a  per- 
sonnel of  men  competent  to  do  it,  and  the  superintendence  of  a 
man  well  fitted  to  lead  in  the  doing  it. 

As  a  sample  of  the  other  kind  of  work  done  there,  almost 
anything  which  you  can  mention  as  desirable  to  be  verified  can 
be  verified  there.  They  verify  thermometers,  or  determine  their 
errors,  and  furnish  a  table  stating  what  corrections  are  needed 
for  these  errors.  They  verify  the  accuracy  of  screws;  the  leading 
screw  of  a  lathe,  for  instance,  or  the  screw  of  such  a  micrometer 
as  has  been  made  by  two  of  our  Past  Presidents  for  the  Yerkes 
Observatory.  They  measure  the  expansion  of  steel  bars  designed 
to  become  scales  by  receiving  an  accurate  graduation  into  milli- 
meters or  other  lengths,  or  to  be  used  in  making  an  astronomical 
pendulum.  Riffler,  for  instance,  has  had  the  expansion  of  the 
steel  rods  of  his  pendulums  determined  in  the  Reichsanstalt. 
They  investigate  alloys  desired  for  special  purposes,  or  required 
to  possess  certain  specified  properties.  One  gentleman  desired 
an  alloy  which  should  have  no  magnetic  properties,  and  the 
Reichsanstalt  studied  the  matter  and  furnished  such  an  alloy. 
They  investigate  gyrometers,  instruments  for  indicating  the  num- 
ber of  revolutions  of  a  rotating  axis  by  a  continuous  indication. 
They  verify  tuning-forks.  If  one  is  constructed  to  make  500 
vibrations  in  a  second,  they  can  determine  the  actual  number 
almost  to  the  hundredth  of  a  vibration  in  a  second.  They  deter- 
mine the  durability  of  incandescent  lights,  and  also  their  efficiency. 
All  such  questions  and  such  forms  of  apparatus  are  submitted  to 
the  Reichsanstalt,  and  you  would  be  surprised  to  learn  for  how 
small  a  fee  the  desired  information  is  afiforded.  As  you  see,  this 
is  a  pretty  wide  field  of  activity.  In  order  to  do  such  work,  they 
employ  a  great  number  of  trained  scientific  men.  In  Germany 
a  tramed  scientific  man  will  accejit  such  a  position,  because  it  is 
considered  honorable,  and  because  it  gives  him  a  recognized  and 
desirable  social  position.  So  the  institution  can  command  a  high 
degree  of  talent  and  training  for  its  w^ork. 

One  da}^  I  met,  in  Berlin,  two  Americans  whom  I  had  the 
pleasure  of  knowing  in  this  country,  and  we  visited  the  Reichsan- 
stalt together.  That  which  most  interested  us  was  the  magnifi- 
cent institution  as  a  whole.     One  most  interesting  apparatus  was 
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one  designed  for  the  establishment  of  a  standard  of  Hght.  You 
all  know  that  it  has  been  proposed  that  the  ultimate  standard  of 
light  for  all  measurements  should  be  the  light  given  out  by  a 
certain  area  of  platinum  at  its  melting  point.  It  will  probably 
be  some  time  before  this  proposed  standard  can  be  conveniently 
and  practically  applied.  The  Reichsanstalt  has  suggested,  and  is 
trying  to  prepare,  an  alternative  source  of  light  designed  as  a 
standard  for  comparison  in  all  accurate  measurements.  This 
standard  is  one  in  which  a  given  area  of  platinum  is  heated,  not 
to  its  melting  point,  but  to  that  temperature  at  which  the  quantity 
of  light  radiating  from  it  and  also  passing  through  a  given  ab- 
sorbent screen  shall  be  precisely  one-tenth  of  the  whole  energy 
radiated.  Their  screen  consists  of  a  tube,  closed  at  the  two  ends 
by  plates  of  quartz  of  a  determinate  thickness,  and  filled  with 
distilled  water;  and  the  standard  of  light  which  they  hope  to  make 
practical  is  to  be  derived  from  a  given  area  of  platinum  heated 
to  that  temperature  at  which  this  screen  of  quartz  and  water  shall 
transmit  one-tenth  and  absorb  nine-tenths  of  the  whole  energy 
radiated.  In  the  apparatus  which  so  greatly  interested  me  four 
different  observers  were  to  look,  at  the  same  time,  at  this  source 
of  light,  each  having  his  different  measurement  to  make. 

The  apparatus,  too,  with  which  they  compare  thermometers 
seemed  to  me  a  most  interesting  apparatus.  They  have  means 
for  maintaining"  constant  the  temperature  of  a  liquid  medium  in 
which  they  place  a  number  of  thermometers  to  be  compared,  and 
the  apparatus  will  maintain  some  temperatures  constant  within 
one-hundredth  of  a  degree  for  hours.  Think  of  the  skill,  think 
of  the  apparatus  required  to  do  that,  and  then  think  of  a  building 
larger  than  our  City  Hall,  filled  with  such  skill  and  such  apparatus, 
and  you  have  a  suggestion  as  to  what  this  Reichsanstalt  really  is. 

Jn  Paris  there  are  two  laboratories  which  greatly  interested 
me.  One  of  them  is  the  physical  laboratory  of  the  Sorbonne.  I 
had  the  pleasure  of  meeting  there  the  professor  of  physics,  of 
whom  you  have  all  heard  within  the  last  few  years,  Lippman, 
the  inventor  of  the  process  by  which  photographs  can  be  taken 
which,  properly  used,  can  be  made  to  throw  on  the  screen  an 
image  of  the  original  in  the  colors  of  nature.  Professor  Lippman 
was  very  kind.  lie  desired  to  have  me  shown  around  his  labora- 
tory for  an  hour,  while  he  made  ready  the  photographs  and  lan- 
tern, which  he  was  to  show  me  afterward.  Pie  therefore  asked 
an  assistant  to  accompany  me,  but,  on  reflecting  that  his  assistant 
could  not  speak  English,  he  dismissed  him  and  prepared  to  go 
with  me  himself.     Of  course,  I  relieved  him  of  that  loss  of  time 
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by  telling  him  that  I  could  mulerstand  his  assistant's  French, 
though  I  could  not  guarantee  that  he  would  understand  my 
French. 

When  I  was  brought  back  to  Lippman's  room  he  showed 
me  twelve  photographs  projected  on  the  screen.  They  are  not 
such  photographs  as  can  be  framed  and  hung  on  the  wall;  you 
cannot  see  them  as  you  see  water-color  drawings,  or  as  you  see 
the  Zurich  photochromes. 

In  order  to  get  the  color  of  the  original,  your  eye  must  take 
that  position  in  which  you  have  specular  reflection  from  the 
source  of  light.  Now,  as  an  orator,  I  am  bound  to  assume  that 
you  all  know  what  specular  reflection  is.  If  you  let  the  sun  shine 
on  a  mirror,  it  reflects  the  rays  of  the  sun  in  one  definite  direction. 
If  you  stand  within  this  path,  where  you  can  see  the  image  of 
the  sun  in  the  mirror,  you  see  some  part  of  the  mirror  illuminated 
by  specular  reflection, — namely,  that  part  of  it  which  the  image 
of  the  sun  seems  to  cover.  And  if  this  mirror  were  one  of  Lipp- 
man's color  photographs,  you  would  see  the  vivid  colors  of  the 
original  only  where,  in  the  mirror,  you  had  seen  the  sun's  image. 

A  water-color  drawing  is  usually  seen  by  what  is  called  irreg- 
ular reflection.  The  rough  surface  of  the  paper  receives  light 
from  perhaps  a  single  source,  but  reflects  it  in  every  direction. 
Whatever  your  position,  you  see  the  paper  and  the  colors  on  it. 
But  if  a  mirror  is  so  perfectly  polished  that  no  irregular  reflection 
is  produced  by  imperfections  remaining,  and  if  it  is  lighted  by  a 
single  small  source  of  light,  you  can  see  it  only  in  that  position 
in  which  you  can  see  the  reflected  image  of  the  light,  and  you 
can  see  only  as  much  of  it  as  is  covered  by  this  image.  To  see 
the  whole  mirror,  you  nnist  have  a  source  of  light  so  large  that 
its  reflected  image  seems  to  cover  the  whole  mirror.  This  cannot 
be  accomplished  with  any  practicable  source  of  intense  light,  and 
Lippman's  photographs  require  an  intense  light. 

So  Lippman's  color  photographs  cannot  be  seen  with  the 
unaided  eye,  for  the  simple  reason  that  we  cannot  procure  a  light 
large  enough  to  illuminate  the  whole  picture  by  specular  reflec- 
tion. The  eye  is  too  small.  But  if  we  put  the  photograph  in  the 
lantern,  where  it  is  illuminated  from  a  source  of  light  so  wide 
that  every  part  of  it  can  return  light  to  the  projection  lens,  we 
can  put  on  the  screen  a  sight  of  the  whole  photograph,  illuminated 
by  specular  reflection,  and  the  whole  audience  can  see  the  colors 
of  the  original  objects. 

These  colors  are  wonderfully  perfect.  Li])])man  showed  me 
a   pair   of  photographs   of   a   bouquet   of   bright-colored   flowers. 

14 
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The  first  photograph  was  taken  indoors,  by  diffused  daylight. 
I  thought  it  was  a  magnificent  reproduction  of  natural  colors. 
Then  he  showed  nie  the  second  photograph  of  the  same  bouquet^ 
in  the  same  aspect,  l)ut  in  bright  sunlight.  1  am  sure,  could  you 
have  seen  it,  you  would  have  been  as  delighted  as  I  was;  perhaps 
you  would  have  been  as  nuich  instructed  as  I  was.  I  suppose 
that  most  of  us  seeing  a  bouquet  in  a  good  light,  though  not 
direct  sunshine,  and  afterward  seeing  it  in  full  sunshine,  think  its 
colors  are  the  same. 

Such  is  the  influence  of  prejudice.  These  color  photo- 
graphs show  most  brilliantly  that  objects  in  sunlight  and  in  dif- 
fused daylight  b}-  no  means  have  the  same  color.  But  most  of 
us,  except  an  artist  in  water-colors  whom  I  see  present,  no  doubt 
are  so  under  the  influence  of  prejudice  that,  having  seen  a  purple 
flower,  we  suppose  it  is  always  purple,  and  always  the  same  purple. 

J|»  "A  primrose  by  the  river's  brim. 

"^  A  yellow  primrose  was  to  him, 

and  it  was  always  the  same  yellow.  I  was  surprised  to  see  the 
wonderful  difference  in  absolute  color  when  the  object  was  placed 
first  in  one  light  and  then  in  another. 

J'desh-tints,  also,  were  reproduced  with  wonderful  fidelity. 
It  is  not  yet  possible  to  take  portraits;  the  exposure  required  is  too 
long.  But  Lippman  avoided  this  difficulty  sufficiently  to  enable 
him  to  show  the  capacities  of  his  process  in  reproducing  tints 
which  are  so  difficult  as  flesh-tints.  He  did  this  by  photographing 
a  young  girl  lying  on  the  grass  among  flowers.  She  could  not 
maintain  absolute  repose,  but  she  was  so  supported,  and  the  area 
covered  by  the  image  of  her  face  was  so  small,  that  the  motions 
inevitable  in  an  exposure  of  five  minutes  did  not  interfere  with 
the  general  pictorial  effect,  and  the  flesh-tints  seemed  to  be  perfect. 

Tliere  are  other  laboratories  in  the  Sorboime.  In  one  of 
them  I  had  the  ]:)leasure  of  meeting  a  gentleman  who  has  done 
some  of  the  same  sort  of  work  as  that  which  I  have  done  with 
oxygen  and  hydrogen.  lUit  T  nnist  not  weary  you  by  describing 
them. 

Another  institution  in  Paris  which  I  nuist  pass  without  de- 
scription is  the  Conservatoire  des  Arts  et  Metiers.  But  I  desire 
to  mention  a  trifling  incident  which  illustrates  the  exquisite 
courtesy  which  it  is  fair  to  expect  in  France.  I  was  looking  at 
the  balance  used  by  Regnault,  of  great  interest  historically,  of 
special  interest  to  one  who  has  used  a  balance  as  I  have  done. 
It  was  so  protected  by  a  silk  cord  that  I  could  not  approach  it  as 
nearly  as  I  desired,  and  a  keeper  or  janitor  who  was  present  was 
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unable  to  permit  nearer  approach  without  orders  from  the  office, 
to  which  he  directed  me.  As  I  was  going  upstairs  toward  the 
office  I  met  a  gentleman  coming  down.  The  workman's  French 
was  not  that  of  Ollendorff,  and  I  had  but  a  vague  idea  where  to 
find  the  office,  and  so  asked  this  gentleman  if  he  would  direct 
me.  He  spoke  such  French  as  I  could  easily  understand  (al- 
though not  like  that  of  Ollendorff),  and  said  to  me,  "I  am  from 
the  office;  perhaps  I  can  spare  you  the  going  upstairs  to  it?"  I 
explained,  and  although  he  was  just  leaving  the  building  for  other 
duty,  or  perhaps  pleasure,  and  although  a  word  to  the  janitor 
would  have  done  all  I  had  asked,  he  took  half  an  hour  to  show 
me  all  I  desired  to  see,  and  endeavored  to  keep  me  longer.  As 
he  did  not  know  my  name,  and  as  my  name  could  have  piade  no 
impression  on  him  if  known,  this  may  be  taken  as  a  sample  of 
the  courtesy  which  is  given  to  strangers  by  gentlemen  in  France. 
It  was  consistent  wath  my  uniform  experience  in  that  country; 
my  experiences  in  Germany  were  not  so  pleasant. 

The  other  institution  in  France  which  interested  me  was  the 
International  Bureau  of  Weights  and  Measures.  Some  twenty 
years  ago,  most  of  the  governments  of  the  larger  civilized  states 
united  in  appointing  an  International  Committee  of  Weights  and 
Measures,  in  the  hope  of  preparing  accurate  copies  of  the  meter 
and  the  kilogram. 

There  is  no  measure  of  length,  except  the  meter,  which  is 
not  too  ambiguous  for  general  use.  I  once  read  a  statement  which 
had  been  copied  from  German  into  French,  and  then  from  French 
into  English,  which  gave  a  certain  length  in  inches  and  thou- 
sandths of  an  inch.  I  was  interested  to  know  the  precise  length 
intended.  The  question  to  be  answered  by  conjecture  was.  What 
foot  and  mch  were  those  used  in  the  statement — the  English  (for 
the  statement  is  now  in  English)  or  the  Paris  foot  (for  the  state- 
ment was  last  in  French),  or  one  of  the  many  various  German 
standards  of  confused  length  (for  the  statement  was  first  made  m 
German,  and  almost  every  German  petty  state  had  its  own  contri- 
bution to  the  confusion  of  standards  of  length)?  The  only  solution 
of  the  whole  matter  w^as,  that  the  truth  could  not  be  learned  from 
the  announcement,  unless  I  could  find  whether  the  Austrian  au- 
thor had  used  the  Austrian  standard,  or  that  of  Heidelberg,  where 
he  wrote;  or  that  of  Leipsic,  wdiere  publication  was  made;  what 
course  the  French  translator  took,  and  what  the  English.  If  Mr. 
Warner  wrote  the  statement,  and  it  was  published  in  New  York, 
conjecture  would  be  safe;  or  if  an  Englishman  wrote  and  London 
published.     But  when  you  consult  the  literature  of  precise  nieas- 
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iiremcnts  which  is  worth  translating,  the  meter  is  the  only  standard 
of  length  which  is  not  ambiguous,  and  the  same  is  true  of  the 
kilogram.     How  many  different  pound  weights  are  there? 

Now,  as  I  said,  the  principal  civilized  governments  united  in 
forming  this  International  Committee  of  Weights  and  Measures. 
This  international  committee,  with  the  help  of  a  French  com- 
mittee, have  performed  their  task,  and  the  mechanical  and  physi- 
cal and  practical  work  has  been  done  a  few  miles  from  Paris,  at 
Sevres,  in  the  Pavilion  Breteuil,  which  was  once  a  fine  summer 
palace.  This  is  now  the  home  of  the  International  ^Bureau  of 
Weights  and  Measures.  I  went  there  one  day,  fresh  from  a  long 
stay  in  England.  In  that  country,  if  you  desire  access  to  almost 
any  of  the  places  which  were  likely  to  interest  me,  af^davits  of 
respectability,  in  the  shape  of  letters  of  introduction,  are  most 
essential,  and  I  went  to  England  in  such  health  that  letters  of 
introduction  were  far  from  my  thoughts.  I  went  up  to  the  high 
fence  around  the  International  Bureau  without  much  expectation 
of  getting  access.  In  fact,  one  day  I  went  there,  and  went  away 
without  even  making  application  for  admittance.  But  on  another 
day,  as  I  approached  the  gate,  a  gentleman  who  had  been  stand- 
ing there  was  just  going  away  as  he  saw  me.  He  courteously 
lingered,  and  turned  back  to  the  gate.  I  told  him  that  I  was  a 
stranger,  and  that  I  had  followed  their  work  with  great  interest, 
and  wished  to  see  what  could  properly  be  shown  to  a  stranger, 
I  could  not  suppose  that  he  had  ever  heard  my  name;  but  I  do 
not  know  how  a  man  could  have  received  an  acquaintance  with 
more  cordial  courtesy  than  he  showed  me.  He  welcomed  me;  he 
introduced  himself  to  me,  and  introduced  me  to  the  head  of  the 
Bureau  and  to  the  third  of  the  three  scientific  men  of  the  estab- 
lishment. Then  the  three  took  turns,  each  showing  me  that  part 
of  the  equipment  with  which  he  was  most  conversant.  I  saw- 
nothing  abroad  which  interested  me  more  than  this  institution, 
but  I  could  not  hope  to  transfer  this  interest  to  you  without 
diagrams  and  photographs.  There  was  the  comparer  with  which 
they  have  verified  the  length  of  those  wonderful  platinum-iridium 
meters,  of  which  our  own  Government  has  received  two  or  three. 
I  had  seen  the  meters  which  our  own  Government  received.  I 
had  been  invited  to  Washington,  to  be  present  when  the  standard 
meter  was  to  be  unpacked  from  the  box  in  which  it  had  been 
sealed  at  this  International  Bureau  at  Sevres.  The  superintendent 
of  the  Coast  and  Geodetic  Survey,  desiring  to  have  some  cere- 
mony testifying  to  the  importance  of  the  event,  had  asked  the 
heads  of  bureaus  at  Washington  whose  duties  made  them  inter- 
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ested  in  standards  of  length  or  weight,  and  the  presidents  of 
societies  of  engineers,  and  some  of  us  plain  professors  also  inter- 
ested in  such  standards,  and  1  had  the  honor  to  he  among  the 
latter.  The  seals  were  broken  in  the  Cabinet  room  by  the  Presi- 
dent of  the  United  States  and  his  Secretary  of  State,  and  an 
instrument  was  drawn  up  and  attested  by  the  signatures  of  all 
the  gentlemen  present.  That  was  my  first  acquaintance  with 
the  platinum-iridium  standard  meter  of  the  United  States,  and  it 
was  most  interesting  to  see  the  apparatus  used  in  making  it  the 
most  authoritative  standard  of  length  now  existing  within  our 
country.  I  saw  also  at  Washington  the  platinum-iridium  kilo- 
gram which  had  also  been  sealed  up  at  Sevres  and  sent  to  this 
country  and  opened  at  the  same  time.  On  my  visit  to  Sevres  I 
saw  a  most  consunmiate  flower  of  mechanical  skill  in  the  four 
balances  with  which  the  work  on  that  kilogram  and  on  the  smaller 
weights,  required  in  the  investigations,  had  been  accomplished. 
These  were  balances  nearly  like  the  one  which  I  used  for  some 
time.  They  have  brought  a  new  precision  into  the  art  of  weigh- 
ing. I  suppose  scales  which  weigh  a  ton  of  coal  within  10  pounds 
are  as  accurate  as  commercial  scales  of  that  capacity  need  to  be. 
Now,  scales  weighing  a  ton  of  coal  w^ould  have  to  indicate  the 
difference  produced  by  adding  to  their  load  a  piece  of  writing 
paper  a  quarter  of  an  inch  square,  in  order  to  equal,  in  precision 
and  delicacy,  the  four  balances  which  I  saw  at  Sevres.  One  illus- 
tration of  their  accuracy  has  been  mentioned  several  times.  I 
have  mentioned  it  in  this  place.  I  may  remark  that  I  once  heard 
this  illustration  repeated,  to  my  no  small  annisement.  I  sat  at 
a  banquet  and  heard  a  physician  of  this  city  tell  of  a  wonderful 
balance  in  one  of  the  departments  at  Washington,  which  had  the 
degree  of  acctu'acy  which  I  will  mention  shortly,  and  I  sat  pleased 
and  silent,  for  that  balance  was  in  my  laboratory,  and  there  was 
none  at  Washington.  The  story  which  the  physician  told  was 
this :  These  balances  are  so  delicate  that,  if  you  first  put  two  one- 
pound  weights  side  by  side  on  one  pan  and  counterpoise  them, 
then,  if  you  put  one  of  the  two  weights  on  top  of  the  other,  the 
counterpoise  will  be  too  heavy,  for  one  of  the  weights  is  nov/ 
farther  from  the  center  of  the  earth  than  before,  and  the  action 
of  gravity  on  it  is  lessened.  Such  an  infinitesimal  as  this  is  quite 
within  the  delicacy  of  the  instrument.  I  do  not  mean  to  say  that 
one,  or  even  ten,  weighings  would  be  sufificient  to  determine  so 
small  a  difference.  It  is  to  be  detected  only  by  long  and  painful 
labor.  But  the  error  produced  by  weighing  two  pound  weights, 
sometimes  side  by  side  and  sometimes  one  upon  the  other,  is  a 
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quantity  capable  of  being  detected  by  this  balance,  and  it  is  a 
quantity  which  is  to  be  considered  in  the  re(hiction  of  all  weigh- 
ings made  with  it. 

There  was  a  barometer  there  the  like  of  which  has  not  been 
produced  elsewhere,  and  an  air-thermometer  like  the  barometer. 
Regnault  said,  some  tifty  years  ago,  that  between  the  freezing 
and  the  boiling  point  of  water  it  was  hard  to  measure  a  tempera- 
ture much  closer  than  a  tenth  of  a  degree.  And  he  was  right. 
But  the  Bureau  at  Sevres  has  labored  at  this  matter  until,  within 
those  limits,  it  is  possible  to  measure  to  the  hundredth  of  a  degree 
more  accurately  than  to  the  tenth  of  a  degree  fifty  years  ago. 
A  great  increase  of  our  knowledge  of  the  behavior  of  materials 
will  thus  result  from  the  investigations  at  Sevres. 

One  thing  which  I  saw  at  Sevres  gave  me  a  feeling  of  sad- 
ness. Years  ago  I  had  devised  a  method  of  determining  the 
weight  of  a  cubic  decimeter  of  water  with  great  precision.  I  was 
pleased  to  see  that  most  of  my  method  had  been  reinvented  at 
Sevres,  and  saddened  that  I  had  not  had,  and  was  not  likely  ever 
to  have,  time,  means  and  assistance  to  do  so  interesting  and 
desirable  a  piece  of  work  myself. 

I  must  pass  on  to  speak  of  some  things  in  England.  There 
were  many  things  which  I  should  like  to  mention.  It  would  be 
pleasant  if  there  were  time  to  speak  of  Lord  Kelvin's  laboratory 
and  lecture  room  at  Glasgow,  or  of  the  fine  laboratories  at  Man- 
chester,, and  of  interesting  memorials  of  Cavendish  and  Davy 
which  I  saw  there,  the  property  of  Professor  Dixon,  with  whom 
I  spent  a  most  pleasant  half-day.  I  should  like  to  speak  of  King's 
College  and  of  many  things  in  London,  but  time  fails  me.  I 
should  like  to  speak  of  the  Royal  Society  and  of  the  Royal  Society 
Club.  This  is  the  most  interesting  and  important  learned  society 
in  a  country  where,  as  I  said  the  other  day  to  an  Englishman, 
all  the  scientific  men  in  the  country  can  get  together  every  Thurs- 
day afternoon,  if  they  choose,  '^he  country  is  not  so  widely 
extended  as  ours.  \\'e  have  to  be  content  to  meet  a  few  scientific 
men  once  a  vear. 

The  ]»ritish  Association  for  the  .Vdvancement  of  Science 
made  a  great  impression  on  me.  In  England  almost  all  the 
scientific  men — the  greatest  as  well  as  the  lesser — get  together 
at  these  annual  meetings.  There  is  a  wonderful  power  in  this. 
The  British  Association  is  the  only  great  success  of  that  kind 
on  the  face  of  the  earth.  Similar  Erench  and  (ierman  societies 
are  qualified  successes.  Our  own  is  but  a  qualified  success.  But 
in  England  everv  scientific  man  thinks  it  a  dutv  and  a  luxurv  to 
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go  to  these  meetings,  and  there  is  a  wonderful  inspiration  in  the 
assembly. 

One  matter  of  which  1  wish  to  speak  is  the  Royal  Institution 
in  London.  If  there  is  any  ])laee  in  London  in  which  an  Ameri- 
can ought  to  feel  at  home,  it  is  the  Royal  Listitution.  Jt  was 
founded  by  an  American,  Benjamin  Thompson,  afterward  Count 
Rumford,  of  the  Holy  Roman  Em])ire.  T  do  not  know  what  was 
his  precise  aim.  The  Institution  is  now  somewhat  unique.  It 
is  in  some  sort  a  scientific  and  literary  club.  Any  one  seems 
to  be  elected  to  membership  on  application,  I  think  as  freely  as 
he  could  be  admitted  to  our  Case  Library  on  paying  his  fee. 
The  btiilding  has  a  library  and  a  pleasant  reading-room 
well  supplied.  It  has  also  a  good  many  Americana,  including 
letters  from  Franklin  and  Washington,  as  well  as  other  matters 
especially  interesting  to  Americans.  It  has  also  important  lab- 
oratories, in  wdiich  some  of  the  most  memorable  work  yet  done 
in  science  has  been  accomplished.  You  will  agree  with  me  when 
I  recall  to  your  minds  that  here  Sir  Hum])hry  Davy  worked 
and  here  his  greatest  discovery  succeeded  him  in  the  person  of 
Michael  Faraday.  At  the  present  time  Dewar  is  professor  of 
physics  here,  and  Lord  Rayleigh,  the  discoverer  of  argon,  is 
professor  of  chemistry.  Lord  Rayleigh's  work  is  done  at  his 
private  laboratory,  an  hour  from  London,  which,  of  course,  I 
could  not  see. 

The  mtmificence  of  an  eminent  English  scientific  man  has 
lately  added  a  new  laboratory  to  the'  resources  of  London  science, 
and  this  new  laboratory  is  closely  adjoining  the  older  laboratories 
of  the  Royal  Institution  and  under  the  management  of  those 
professors  of  the  Institution  who  were  just  named,  so  that  prac- 
tically it  is  a  new  laboratory  of  the  Royal  Institution.  This  lab- 
oratory I  did  not  see. 

In  the  older  laboratories  of  the  Institution  Dewar  has  done 
a  great  and  important  work  in  the  li(iuefaction  of  gases.  It  is- 
not  that  on  precisely  the  process  of  liquefying  gases  he  has  added 
very  much  that  is  new,  for  gases  had  been  liquefied  by  others; 
but,  using  liquefied  gases  as  instruments  of  research,  he,  with 
certain  gentlemen  whom  he  has  associated  with  him,  has  done  a 
very  important  and  interesting  work.  He  showed  me,  partly 
with  his  own  hands  and  partly  at  the  hands  of  an  assistant  when 
he  himself  was  busy,  some  experiments  which  would  charm  you, 
I  am  sure.  First,  he  showed  me  the  liquefaction  of  oxygen  by 
an  apparatus  which  we  could  set  on  this  table,  and  liquefied  a 
couple    of    ounces    of    oxygen    within    twenty    minutes.     In    this 
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apparatus  liqueliecl  carbonic  acid  from  an  iron  cylinder  is  made 
to  stream  through  a  long  copper  spiral,  closely  wound  in  such  a 
way  that,  issuing  from  the  lower  part  of  the  spiral,  the  gas  is 
cooled  by  its  sudden  expansion,  tiows  back  over  the  other  part 
of  the  spiral  and  cools  it  as  well  as  the  gas  which  will  issue  from 
the  jet  in  the  next  moment,  and  in  a  few  minutes  you  have  this 
cooled  to  the  temperature  at  which  carbonic  acid  boils  at  atmos- 
pheric pressure.  That  cooling  is  applied  to  the  second  spiral,  in 
which  oxygen,  at  a  pressure  of  fifty  atmospheres,  passes  down- 
ward and  is  then  permitted  to  expand  to  the  pressure  of  the 
atmosphere.  Having  been  already  cooled  to  the  boiling  point 
of  carbonic  acid,  the  oxAgen  is  soon  cooled  down  to  its  own 
boiling  point  at  atmospheric  pressure,  and  then  falls  in  liquid 
drops  into  a  glass  tube,  in  which  you  collect  a  shower  of  liquefied 
oxygen.  The  liquid  was  somewhat  turbid.  The  gas  had  been 
procured,  compressed  in  an  iron  reservoir,  from  some  factory 
where  oxygen  is  prepared  for  use  in  calcium  lights,  and  contained 
some  impurities.  The  liquid  was  filtered  through  paper,  just  as 
water  might  have  been  filtered,  and  was  then  a  transparent,  color- 
less liquid — a  magnificent  sight.  In  that  was  drof)ped  a  half- 
teaspoonful  of  absolute  alcohol.  Absolute  alcohol  does  not 
freeze  easily,  but,  when  dropped  into  liquefied  oxygen,  it  solidi- 
fied, and  then  cracked  into  smaller  angular  fragments,  as  melted 
glass  dropped  into  cold  water  cracks  and  flies  to  pieces.  We  took 
the  solid  absolute  alcohol  out  and  could  not  burn  it  till  after  we 
had  warmed  it  to  its  melting  point;  it  would  not  take  fire.  We 
dipped  cotton  wool  in  the  liquid  oxygen  and  touched  it  with  a 
flame ;  it  burned  almost  as  if  it  were  gunpowder. 

Then  I  saw  another  apparatus  for  liquefying  gases,  used  in 
researches  at  low  temperatures.  It  had  cost  several  thousand 
pounds  sterling.  One  part  of  this  apparatus  was  a  gas  engine 
of  25  horse-power,  by  means  of  which  air  was  compressed  to  200 
atmosphere — to  a  pressure  of  3000  pounds  to  the  square  inch. 
This  compressed  air  w'as  led  through  a  tube,  in  which  it  was  partly 
dried,  and  then  through  a  spiral,  like  that  which  I  mentioned 
before.  The  air  was  ])ermitted  to  escape  from  an  aperture  at 
the  lower  end  of  this  spiral,  and  the  cooled  gas  .then  streamed 
up  along  the  spiral  and  cooled  it.  In  fifteen  or  twenty  minutes, 
by  maintaining  the  pressure  of  the  air  at  3000  pounds  to  the 
square  inch  and  constantly  releasing  the  gas  at  the  lower  end  of 
this  spiral,  the  spiral  and  the  gas  were  cooled  to  the  temperature 
at  which  the  air  liciuefied  and  dropped  like  water.  This  apparatus 
is,  of  course,   not   ]iortablc,   an<l   its   mechanical   efficiency   is  but 
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I  per  centum.  To  go  in  one  step  from  oulinary  atmospheric 
temperatures  to  the  temperature  at  which  hquid  air  boils  at 
atmospheric  pressure  is  a  very  long-  step.  Something  of  effi- 
ciency must  be  sacrificed. 

Then  I  saw  a  third  apparatus,  in  which  a  <Ioul)lc  cooHng"  was 
employed — first,  from  ordinary  temperatures  down  to  50°  or  100° 
Centigrade  below  the  melting  point  of  ice,  and  then,  through  a 
second  step,  down  to  the  temperature  at  which  air  boils  at  atmos- 
pheric pressure.  In  this  apparatus  the  mechanical  efficiency  was 
as  much  as  60  per  centum. 

I  saw  some  of  the  apparatus  which  Davy  used.  But  little 
of  it  remains — simply  some  suggestions  of  the  great  imttery  with 
which  he  decomposed  the  alkalies  and  discovered  the  alkaline 
metals.     Some  pieces  of  Faraday's  apparatus  were  also  to  be  seen. 

Dewar  was  interested  in  the  so-called  X  rays,  and  showed 
me  the  result  of  some  experiments  which  he  had  just  made  on 
the  transparency  of  different  elements  to  these  remarkable  radia- 
tions. He  made  this  the  subject  of  a  paper  read  before  some 
learned  society  in  London. 

One  other  place  which  I  visited  in  London  was  the  office 
of  the  AVarden  of  the  Standards.  London  is  a  place  which  has 
grown.  There  is  but  little  there  which  was  built  to  order  for  its 
present  use,  one  is  tempted  to  think.  Things  are  not  often  torn 
down  in  London;  they  are  strong  and  lasting  enough  to  be  used 
for  another  purpose.  And  this  Bureau  of  Weights  and  Meas- 
ures, the  office  of  the  Warden  of  the  Standards,  was  most  inter- 
esting for  this  reason:  One  of  the  rooms  in  which  standards  are 
kept  which  have  come  down  from  the  time  of  Queen  Elizabeth 
is  a  chapel  which  is  600  years  old.  The  very  word  "old"  has  a 
different  meaning  in  England  from  that  which  it  seems  to  possess 
in  this  country.  Here  the  word  "old"  carries  with  it  the  sugges- 
tion, "Throw  it  away;  get  something  new."  With  them  the 
feeling  is,  that  what  is  old  is  sacred,  enfleared,  consecrated.  The 
phrase  "old  fellow,"  as  a  term  of  endearment,  was  not  invented 
on  this  side  of  the  water.  There  it  is  at  home;  it  is  appropriate. 
I  soon  began  to  feel  that  there  is  no  hope  of  salvation  for  a  man 
in  England  who  goes  to  a  church  less  than  200  years  old.  In 
that  old  and  venerable  chapel,  worthy  of  veneration,  the  old  pound 
weights,  the  old  gallons  of  Queen  Elizabeth's  time,  seemed  conse- 
crated; seemed  to  have  a  glamor  of  romance  and  poetry  about 
them.  I  never  knew,  till  after  visiting  such  scenes  and  seeing  in 
them  these  special  objects,  how  the  meaning  of  the  English  lan- 
guage may  change  with  change  of  longitude. 
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DISCUSSION. 

Question. — 1  would  ask  tlie  Professor  it  the  tumbler  of 
liquid  ox}'gen  is  under  atmospheric  pressure. 

Dr.  Morley, — Yes. 

Question. — What  is  the  process  by  which  it  is  again  evap- 
orated?    What  is  its  behavior? 

Dr.  Morley. — The  liquid  oxygen  is  kept  and  manipulated 
in  glass  vessels  holding,  perhaps,  a  pint  and  having  double  walls. 
Between  the  two  walls  is  a  very  high  vacuum.  When  the  liquid, 
air  or  oxygen  is  in  such  a  vessel,  protected  by  the  non-conducting 
vacuum,  very  little  heat  reaches  it,  and  it  evaporates  quietly  at 
the  surface,  just  as  water  evaporates  from  a  tumbler  of  ice-water. 
The  liquid  oxygen,  so  used,  looks  like  water;  unless  you  notice 
the  temperature  of  the  liquid,  you  might  well  mistake  it  for  water. 
But  if  you  pour  some  of  it  into  a  vessel  which  does  not  protect 
the  oxygen  from  the  access  of  heat,  it  boils  rapidly  and  disappears. 
In  a  comtnon  test  tube  a  tablespoonful  of  liquid  oxygen  might 
last  three  minutes;  in  one  of  the  vacuum  jacketed  holders  a  pint 
might  last  half  a  day.  This  is  merely  my  conjecture;  I  have  not 
seen  the  experiment  made. 

By  Professor  Langlev. — \\'as  there  any  visible  tint  of  the 
oxygen? 

Dr.  Morley. — No;  it  looks  just  like  distilled  water. 

Professor  Langley. — Have  they  succeeded  in  producing 
hydrogen  in  anything  more  than  a  liquid  spray? 

Dr.  Morley. — Dewar  discussed  that  point;  he  had  not,  at 
that  time,  collected  drops  of  liqm'd  hydrogen  in  a  tube  where  they 
could  be  seen. 

Mr.  Barber. — What  is  the  lowest  temperature  which  they 
are  willing  to  give? 

Dr.  Morley. — The  temperature  of  220°  Centigrade  below 
the  melting  point  of  ice  can  be  maintained  at  will  by  the  evapora- 
tion of  liquid  oxygen  at  about  a  thirtieth  of  the  atmospheric  pres- 
sure. The  temperature  of  luinus  240  can  be  attained  for  a  moment 
by  cooling  hydrogen  down  to  minus  220,  after  compressing  to 
perhaps  100  atmospheres,  and  then  suddenly  releasing  it  from 
this  pressure.  By  a  similar  use  of  the  newly  discovered  gas 
helium  the  temperature  of  minus  260  can  be  attained  for  an  instant. 
Minus  273  is  the  ultimate  limit,  according  to  our  present  insight 
into  the  matter. 

Dr.  IIow^e. — I  would  ask  Dr.  Morley  if  it  is  not  possible  to 
see  the  colors  in  Lippman's  photographs  without  a  lantern? 

Dr.  Morley. — Yes;  vou  can  see  the  colors  of  some  small 
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part  of  the  photog"rai)lis  in  their  proper  hrihiaiicy,  and  the  colors 
of  the  rest  obscurely  and  somewhat  altered  in  tint.  In  order  to 
see  properly  the  colors  of  the  whole  photograph  at  once,  you 
need  a  source  of  light  so  large  that  its  image  in  the  reflecting 
surface  of  the  photograph  is  as  large  as  the  photograph. 

Lippman  has'  been  successful  in  reducing  very  much  the 
time  of  exposure  required  to  produce  his  photographs,  and  had 
some  reason  to  hope  for  such  further  reduction  that  it  would  be 
possible  to  take  portrait  photographs. 

It  was  mteresting  to  hear  him  tell  of  his  long  search  for  a 
photographic  film  which  should  be  suiTficiently  transparent.  The 
film  he  uses  has  to  be  much  thicker  than  in  ordinary  photo- 
graphs. In  those  we  have  areas  which  are  transparent  and  areas 
which  are  opaque;  the  contrast  is  sufficient  if  the  transparency 
is  not  very  great,  and  the  opacity  answers,  even  if  the  film  is  very 
thin.  You  may  roughly  compare  an  ordinary  photograph  to  a 
gauze  curtain  having  sewn  to  it  a  pattern  cut  out  of  some  black 
cloth,  ^^'ith  a  light  back  of  the  curtain  you  can  see  the  pattern 
clearly,  even  if  the  gauze  stops  a  good  deal  of  the  light.  But  a 
Lippman  color  photograph  is  a  much  more  complicated  structure. 
Let  me  try  to  explain  it,  so  that  you  may  see  why  so  thick  and 
transparent  a  film  is  required.  Let  us  imagine  the  thickness  of 
the  photographic  film  to  be  magnified  a  million  times,  so  as  to 
avoid  speaking  of  minute  distances.  Then,  at  a  point  which 
shows  yellow  in  the  photograph,  there  would  be  seen  something 
which  I  may  compare  to  100  or  200  gauze  screens,  all  parallel  to 
each  other,  all  equidistant,  one  behind  the  other,  and  with  an 
interval  of  11  inches  between  successive  screens.  Each  screen 
is  to  reflect  light  to  the  eye  in  front  of  the  system.  The  whole 
system  must  be  transparent,  so  that  the  light  reflected  from  the 
screens  most  remote  from  the  eye  may  pass  through  the  inter- 
vening screens  and  reach  the  eye  of  the  observer. 

The  colors  of  these  photographs  are  due  to  the  interference 
of  the  light  reflected  from  these  different  reflecting  layers,  likened 
to  the  successive  gauze  screens.  In  the  case  just  mentioned, 
where  the  distance  separating  the  successive  screens  is  11  inches, 
a  wave-disturbance  which  had  a  wave-length  of  22  inches  would 
be  reflected  from  the  hundreds  of  different  surfaces,  so  that  all 
these  reflections  should  add  their  separate  efifects  and  give  the 
sensation  of  yellow;  but  a  wave-disturbance  of  some  other  than 
22  inches  wave-length  would  be  quite  lost  by  the  counteraction 
of  the  separate  reflections.  .So  no  color  except  yellow  would  show 
at  the  place  in  question. 
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These  screens  are  produced  within  the  substance  of  the  photo- 
graphic fihu.  Let  us  imagine  this  substance  to  be  represented^ 
in  our  crude  comparison,  by  filHng  the  space  between  the  gauze 
curtains  with  solid  glass,  or  celluloid,  or  some  other  transparent 
substance.  Then  the  light  reflected  from  those  screens  more 
remote  from  the  eye  must  pass  through  hundreds  of  screens,  and 
also  through  a  certain  thickness  of  glass.  The  whole  structure 
of  screens  and  intervening  substance  must  be  transparent  in  a 
high  degree.  So  Lippman's  film  must  be  very  transparent,  and 
must  develop  reflecting  surfaces  (at  intervals  of  the  thirty-five- 
hundredth  of  a  millimeter)  which  have  sufificient  reflecting  power 
and  not  too  much  opacity;  for  the  light  reflected  from  some  of 
them  has  to  pass  through  a  multitude  of  others.  It  was  very 
interesting  to  hear  Lippman  tell  of  his  long  search  for  a  proper 
material. 

I  intended  to  say  a  word  about  the  maker  of  the  exquisite 
balance  which  was  for  a  time  in  my  laboratory,  and  those  which 
are  at  the  International  Bureau  of  Weights  and  Measures.  T 
w-ent  to  see  Rueprecht  in  Vienna.  When  I  handed  him  my  card 
he  knew  me,  for  we  have  had  a  good  deal  of  correspondence. 
It  was  very  pleasant  to  see  his  expressions  of  delight  at  seeing 
me,  and  my  delight  was  as  great  as  his.  He  knew  well  how  much 
I  like  his  balances,  and  showed  me  everything  which  could  interest 
me.     But  it  is  too  late  now  to  say  more. 

I  think  most  of  us  are  well  satisfied  with  onr  own  country. 
I  know  that  I  am.  I  like  to  live  in  America;  but  it  is  to  be 
confessed  that  Europe  has,  in  some  directions,  the  g^reat  advantage 
of  an  earlier  start.  The  material  equipments  bestowed  on  the 
advancement  of  science,  the  leisure  and  the  assistance  afforded 
to  a  professor  in  a  university,  excited  my  envy  and  despair.  Here 
we  have  reached  the  point  where  it  is  not  too  hard  to  get  monev 
for  a  universitv  for — the  instniction  of  iiiidcrgraduafes. 
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THE    STRENGTH  OF   SEWI^K    PIPE  AND    THE  ACTUAL 
EARTH  PRESSURE   IN  TRENCHES. 


Bv   Frank  A.    Barbour,   Member   of  the   Boston   Society   of   Civil 

Engineers. 


[Read  before  the  Society,  November  17,  1897.*] 

Vitrified  clay,  owing  to  its  many  excellent  qualities,  has 
been,  and  will  be,  extensively  used  in  sewer  construction. 

Resisting-  weW  the  wear  of  the  stream,  and  proof  against 
chemical  action,  it  is  economical  and  sanitary;  and  the  smooth  salt- 
glaze  of  a  clay  pipe  affords  a  low  coefficient  of  friction. 

As  an  offset  to  these  excellent  qualities,  however,  little  is 
known  of  its  strength,  and  the  constructing  engineer  of  to-day, 
attacking  the  more  difficult  problems  with  their  quicksand,  deep 
cuts,  water  and  underdrains,  is  often  worried  as  to  the  possibility 
of  failure  of  his  pipe.  If  he  doubts  the  safety  of  standard  pipe  he 
uses  double  strength,  or  resorts  to  concrete.  The  former  costs 
usually  75  per  cent,  more  than  standard  pipe,  and  the  latter  a  still 
greater  amount.  Assuming  the  cost  of  pipe  to  amount  to  12  per 
cent,  of  the  total  cost  of  average  sewers,  it  appears  that  about  io> 
per  cent,  is  added  to  the  total  cost  by  the  use  of  the  thicker  pipe  or 
concrete,  and  it  is  therefore  an  important  question  to  determine 
where  and  under  what  circumstances  it  is  necessary  to  use  other 
than  standard  pipe.  Again,  since  failures  have  occurred  in  several 
places  with  the  double-strength  pipe,  it  is  important  to  determine 
whether  these  were  due  to  poor  pipe  or  poor  construction — 
whether,  in  short,  it  is  possible  to  get  sufficient  pressure  on  a  good 
pipe,  well  laid,  to  break  it. 

*Manuscript  received  October  25,  1897. — Secretary,  Ass'n  of  Eng.  Socs. 
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As  an  answer  to  some  of  these  questions,  the  experiments 
which  this  paper  describes  were  designed.  An  attempt  has  been 
made  to  conform  the  experiments  as  closely  to  actual  practice  as 
possible. 

The  manufacturers  of  the  sewer  pipes  most  commonly  used  in 
New  England  were  consulted,  and  they  most  cheerfully  co- 
operated, furnishing  to  us  such  pipe  as  was  needed. 

The  experiments  may  be  divided  into  two  sections;  first, 
those  to  ascertain  the  strength  of  the  pipe;  second,  those  to  ascer- 
tain the  pressure  created  in  trenches  of  varying  depth  and  material 
by  the  filling  itself  and  external  weights. 

In  the  breaking  tests  the  pipes  were  laid  in  a  trench  exactly  as 
in  practice,  and  the  pressure  applied  by  an  hydraulic  machine  to  a 
platform  resting  on  the  filling  over  the  pipe. 

In  the  tests  of  earth  pressure  the  same  machine  was  placed  in 
the  bottom  of  a  deep  trench,  and  the  earth  filled  upon  a  platform 
resting  on  the  plunger,  which  communicated  the  pressure  to  a 
gauge. 

The  tensile  and  compressive  strengths  of  the  pipe  material 
have  been  studied  by  breaking  briquettes  and  cubes,  made  by  an 
inspector  at  the  pipe  works,  and  burned  in  the  same  manner  as  the 
pipe  itself.  While  of  little  practical  value  in  themselves,  these 
results  may  furnish  a  basis  of  comparison  to  other  experimenters, 
and  possibly  be  of  some  value  to  the  manufacturer. 

A  very  simple  hydraulic  pressure  machine  was  designed  for 
the  experiments.  It  merely  consists  of  a  shell  or  cylinder  of  cast- 
iron  with  a  plunger  which  rolls  in  a  rubber  diaphragm.  The  shell 
is  cast  in  two  parts,  the  upper  portion  having  the  cylinder-head  cast 
with  it;  the  lower  has  an  open  end,  and  the  two  parts  are  bolted 
together  through  heavy  flanges. 

The  inside  of  cylinder  and  face  of  plunger  flange  were  roughly 
machined. 

The  plunger  is  a  plate  one  inch  thick,  strengthened  by  three 
webs  ^"  x  3",  crossing  at  angles  of  60°,  with  a  flange  15"  deep 
around  the  outside,  which  forms  the  working  surface.  The 
diameter  of  this  plunger  is  23^",  or  four  times  the  thickness  of  the 
rubber  diaphragm  less  than  the  diameter  of  the  cylinder. 

The  rubber  diaphragm  is  of  common  construction  in  smaller 
sizes,  but  unusual  in  the  present  size.  It  was  molded  using  the 
upper  portion  of  the  machine  as  the  female  mold  and  a  special  iron 
casting  as  the  male.  Two  layers  of  cloth,  with  heavy  coats  of 
rubber  on  the  outside  and  between  them,  were  used  in  its  construc- 
tion, the  thickness  being  3-16  of  an  inch. 
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The  shape  of  the  diaphragm,  as  made,  is  Hke  a  round  hat  with 
a  rim  about  two  inches  wide.  In  the  machine  the  hat  is  upset  and 
its  rim  caught  between  the  flanges  of  the  upper  and  lower  sections 
of  the  cyHnder.  The  phniger  is  then  pushed  up  so  that  it  rolls  the 
crown  of  the  hat  inwardly,  and  the  double  thickness  of  rubber, 
being  just  the  distance  between  the  outside  of  the  plunger  and  the 
inside  of  the  cylinder,  forms  a  rolling  packing,  perfectly  water- 
tight, with  little  friction,  and  allowing  a  movement  of  fifteen  inches 
safely. 

The  chief  merits  of  the  machine  were  cheapness,  owing  to  the 
small  amount  of  machine  work,  and  the  absence  of  leakage.  The 
latter  virtue  was  more  evident  in  the  experiments  of  trench  pres- 
sures, where  any  leakage,  such  as  would  be  probable  with  an 
ordinary  piston,  would  have  made  the  experiments  almost  impos- 
sible. 

Water  pressure  was  obtained  from  a  windmill  tank,  and  where 
this  was  insufficient,  a  small  force  pump  was  used. 

To  reverse  the  machine,  the  water  was  removed  by  a  siphon, 
the  longer  leg  of  which  was  low  enough  to  create  sufficient  head  to 
rapidly  raise  the  plunger. 

The  gallows  frame,  on  which  the  machine  was  hung,  is  well 
shown  in  the  plan  and  photographs.  It  consists  essentially  of  two 
upright  8"  X  lo"  hard  pine  sticks,  mortised  into  two  longitudinal 
sills  of  the  same  size  and  material,  spaced  3.0  feet  apart  and  capped 
by  hard  pine  of  same  dimensions.  Oblique  braces  extend  from  the 
uprights  to  the  longitudinal  sills,  and  also  to  a  transverse  sill. 
Four  2"  iron  rods  passing  through  the  sills  and  maple  blocks 
which  crossed  the  cap,  held  the  frame  together.  Two-inch  plank- 
ing was  nailed  to  the  inside  of  the  uprights  and  to  posts  mortised 
into  sills,  forming  a  box  4.0  feet  high,  3.0  feet  wide  and  8.0  feet 
long.  The  floor  was  made  by  planking,  nailed  to  6"  x  10"  floor 
beams  spanning  the  sills.  This  box  formed  the  trench  in  which 
the  pipe  to  be  broken  was  laid. 

In  all  cases  eight  inches  or  more  of  earth  was  put  in  first,  then 
the  pipe  was  laid  lengthwise  of  the  trench,  directly  under  the 
machine,  and  covered  with  earth,  which  was  filled  in  in  three-inch 
layers  and  thoroughly  rammed.  The  ends  of  the  pipe  were  sheeted 
up,  a  hole  being  left  in  the  planks  at  each  end  to  admit  a  candle 
for  inspection.  The  sheeting  was  two  inches  longer  than  the  pipe, 
and  burlap  was  loosely  stretched  to  keep  the  filling  from  falling 
down. 

When  the  pipe  was  covered  to  the  desired  depth,  a  platform 
made  of  2"  plank,  held  together  by  three  4"  x  6"  pieces  of  hard 
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wood,  was  placed  on  top,  and  to  this  the  pressure  of  the  machine 
was  apphed.  The  platform  was  always  of  the  same  length  as  the 
pipe,  and  thirty  inches  wide. 

The  pressure  was  carried  from  plunger  to  platform  by  a 
circular  maple  block  eight  inches  in  diameter,  which  gave  a  greater 
bearing  surface  than  a  metal  rod.  This  block  bore  on  a  metal 
plate,  which  crossed  the  hard  wood  straps  of  the  platform. 

The  depth  of  filling  over  pipe  varied  from  six  to  eighteen 
inches.  It  was  found  that  the  amount  of  this  filling  made  no  dif- 
ference, provided  there  was  enough  over  the  pipe  to  allow  the 
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earth  on  the  haunches  to  compress  without  bringing  the  pressure 
directly  on  crown  of  pipe.  Six  inches  was  sufificient  to  permit 
this. 

It  could  not  be  assumed  that  the  net  efifective  area  of  such  a 
plunger  was  equal  to  the  area  of  the  inside  of  cylinder,  and  a  series 
of  calibrations  were  accordingly  made  to  determine  this  area. 
These  were  not  all  made  at  the  same  time,  some  being  the  result  of 
a  desire  to  know  if  the  same  coefficient  of  friction  held  good 
throughout  the  experiments,  and  were  made  at  various  times. 

The  method  of  calibration  was  to  suspend  from  the  long  arm 
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of  a  6"  X  6"  wooden  lever  a  barrel  of  cement,  and  to  balance  by 
pressure  applied  to  the  short  arm  by  the  machine.  The  lever 
worked  on  iron  rollers  resting  on  iron  plates,  and  all  distances  wert 
measured  accurately  with  a  steel  tape,  the  weight  of  cement  and 
lever  being  carefully  ascertained. 

From  readings  of  a  vacuum  gauge  attached  to  the  machine, 
taken  with  plunger  ascending  and  descending,  data  was  obtained 
from  which  it  was  easy  to  figure  that  the  friction  of  machine 
equaled  .245  pounds  per  square  inch,  and  that  the  weight  of  the 
plunger  was  equal  to  .6  pounds  per  square  inch.  With  the  sur- 
face of  plunger  1.2  feet  below  zero  of  gauge  at  moment  of  reading, 
a  constant  of  .86  pounds  had  to  be  added  to  gauge  reading  to 
express  the  total  pressure  on  short  arm  of  lever. 
The  following  table  gives  results  of  calibrations: 


No. 

Calculated  Area. 

Residual. 

Square  of  Residual. 

I 
2 

3 
4 
5 
6 

7 

423.0  r 
421.07 

412.75 
414.82 
420.77 
420. 58 
418. II 
418.83 

+4- 18 
+2.94 
—6.08 
— 4.01 
+  1-94 
+1-75 
— 0.72 

17.4724 

8.6436 

36.9664 

16.0801 

3- 7636 

3-0625 

.5184 

Probable  error  of  mean  value  :=  ±  .968.  According  to  the 
method  of  least  squares,  this  result  is  .968  inches  greater  or  less 
than  the  true  value.  From  notes  taken  at  the  time  of  calibration, 
it  is  believed  that  observations  3  and  4,  owing  to  variation  in  the 
height  of  plunger  at  the  time  of  reading  gauge,  and  the  consequent 
change  in  the  constant  to  be  added  to  gauge  reading,  are  too  low, 
and  the  area — for  the  sake  of  even  figures — will  be  called  420 
square  inches.  This  will  be  within  a  small  fraction  of  one  per 
cent,  of  the  true  value. 

As  it  was  found  to  be  impracticable  to  note  the  height  of  the 
plunger  in  all  the  pipe  breaks  at  the  moment  of  reading  gauge,  and 
as  the  average  breaking  pressure  was  about  40  pounds,  and  the 
gauge  could  only  be  read  to  one-quarter  of  a  pound,  it  is  evident 
that  the  error  in  calibration  of  plunger  is  well  within  the  limits  of 
error  of  the  other  factors. 

It  is  evidently  needless  to  carry  accuracy  any  further  than  the 
least  unit  to  be  determined  by  observation  admits  of,  and  the 
probable  result  of  all  errors  is  less  than  one  per  cent. 

Table  2  shows  the  complete  log  of  results.  The  first  col- 
umn  gives   the   size   raid   brand,   whether   A   or   B,   d   indicating 
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double  strength;  the  second  gives  the  number  of  specimen  broken; 
the  third  the  time  of  applying  pressure;  the  fourth  the  length  of 
pipe  without  bell;  the  fifth  the  thickness  in  inches,  so  far  as 
measured,  and  the  sixth  the  gauge  pressure  in  pounds. 

Table  3,  in  the  first  seven  columns,  shows  the  averages  of  the 
preceding  log  of  results.  The  eighth  column,  which  gives  the  total 
load  on  the  platform,  is  obtained  by  multiplying  the  net  area  of 
plunger,  in  square  inches,  by  the  gauge  pressure,  with  the  con- 
stant .8  pounds  added  (as  explained  above). 

Dividing  this  total  load  by  the  length  of  pipe  (as  given  in 
column  5  -}-  .25  foot  for  the  bell)  gives  the  load  per  linear  foot  of 
platform,  as  shown  in  column  9.  Column  10  gives  the  load  per 
linear  foot  of  pipe  (figured  as  equal  to  internal  diameter  in  width) ; 
thus,  the  platform  being  thirty  inches  wide,  the  load  per  linear  foot 
of  a  15"  pipe  is  just  one-half  that  of  the  platform.  Column  11 
gives  the  load  per  square  foot  of  platform — obtained  by  dividing 
column  9  by  2.5  feet  (the  width  of  platform).  Column  12  gives  the 
percentage  which  the  minimum  breaking  load  is  of  the  average 
breaking  load. 

Columns  10  and  11  express  the  results  of  most  interest  and 
value;  column  10,  showing  strength  per  square  foot,  forms  the 
means  of  comparing  pipe  strength  with  earth  pressure,  which  will 
be  considered  further  on  in  this  paper. 

Column  9  is  of  interest  to  pipe  manufacturers  and  engineers 
as  an  expression  of  the  actual  ability  of  the  several  sizes  to  carry 
loads  applied  over  the  span  of  the  arch;  that  is,  cf  the  strength  of 
the  different  sizes  per  span,  and  not  per  square  foot. 

An  examination  of  this  colunni  shows  the  breaking  load  per 
linear  foot  to  average  about  2800  pounds  for  the  standard  pipe  and 
4200  for  the  double  strength.  The  uniformity  of  the  figures  of 
this  column  has  led  to  an  attempt  to  express  in  formula  the  relation 
of  thickness  of  pipe  to  the  cracking  strength  per  linear  foot,  for  it  is 
to  be  remembered  that  all  these  figures  refer  to  cracking  and  not 
destruction  of  the  pipe. 

It  has  been  found  that  the  strength  per  linear  foot  varies 
inversely  as  the  diameter  and  directly  as  a  function  of  the  thick- 
ness, which  is  very  near  the  power  whose  index  is  1.65.  This  is 
expressed  by  the  following  formula: 


P  =  c    ^        or     /=     ^/^ 


c 


when  p  =  pressure  per  linear  foot  in  pounds;  t  =:    thickness  in 
inches;  d  =  diameter  in  inches,  and  c  a  constant  equal  to  33,000. 
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Table  4  shows  the  size,  thickness  and  strength  as  found  by  the 
experiments,  and  strength  as  given  by  the  formula  of  the  standard 
and  double-strength  pipe,  the  figures  being  in  general  the  average 
of  results  of  brands  A  and  B. 

In  the  10"  pipe  only  Tests  54  and  55  were  taken.  The  laborer 
had,  in  the  other  10"  breaks,  been  leaving  in  the  earth  under  the 
pipes  and  forming  a  kind  of  cradle,  instead  of  removing  it  entirely 
between  breaks.  This  was  the  only  case  of  the  kind,  and  the 
change  from  the  usual  conditions  seemed  to  justify  the  throwing 
out  of  all  the  10"  tests  except  Nos.  54  and  55. 

In  the  12"  the  A  2-foot  lengths  were  also  thrown  out  in 
striking  the  average  for  this  size. 

Table  4. 


Standard. 

Double  Strength. 

Size. 

Thickness. 

Strength  by 
experiment. 

Strength  by 
formula. 

Thickness. 

Strength  by 
experiment. 

Strength  by 
formula. 

6'' 

8 
10 
12 

15 
18 
20 
24 

.695 

.822 

.832 

1.024 

1. 18 

1.29 

1.305 
1.47 

2613 
2902 

2834 
3226 
3207 
2681 
2584 
2549 

3015 
2985 
2440 
2862 
2890 
2790 
2560 
2598 

1.26 

1.405 
1-54 
1.74 
2.02 

3916 
4562 
4146 
4119 
4334 

4028 

3855 
3738 
41 13 
4382 

Such  discrepancies  as  are  noticeable  are  believed  to  be  caused 
by  the  natural  variations  in  the  burning  of  the  clay,  and  it  is 
thought  that  a  more  extended  series  of  tests  would  show  the  result 
tending  still  nearer  those  of  the  formula. 

Fig.  2  shows  this  formula  expressed  graphically  for  the 
dififerent  sizes  of  pipe,  the  ordinates  being  the  thickness  in  inches, 
and  the  abscissae  the  breaking  load  per  linear  foot,  with  the  corres- 
ponding breaking  loads  per  square  foot  for  the  dififerent  sizes 
added  at  the  top  of  the  sheet. 

An  exariination  of  this  diagram  will  show  that  sewer  pipe,  as 
made  at  present,  is  not  of  su:h  relative  thickness  as  to  give  the 
same  strength  in  the  dififerent  sizes. 

Engineers  may  reasonably  demand  that  standard  pipe  have  a 
breaking  load  of  3000  pounds,  and  double  strength  4500  pounds 
per  linear  foot,  in  all  sizes. 

It  is  fully  realized  that  with  the  same  strength  per  linear  foot, 
a  6"  pipe  is  four  times  as  strong  per  square  foot  as  a  24",  and  that 
therefore  a  uniformity,  per  linear  foot,  means  little,  so  far  as  bear- 
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ing-  strength  goes.  But  in  order  to  obtain  the  same  strength  per 
square  foot,  a  6"  would  either  have  to  be  too  thin,  or  a  24"  too 
heavy  to  handle,  and  for  the  sake  of  uniformity  the  unit  per  linear 
foot  is  recommended. 

Whether  future  investigation  will  prove  that  the  above 
formula  expresses  a  relation  between  thickness  and  strength  of 
pipe  that  will  hold  good  generally,  cannot  be  known  except  from 
experience.  If  represents  fairly  well  the  results  of  the  pipe  break- 
ages described  in  this  paper;  and  as  the  present  thickness  of  the 
different  sizes  of  pipe  are  not  apportioned  according  to  any  rule,  it 
is  oft'ered  as«an  expression  of  the  general  case. 

To  obtain  the  recommended  uniform  strength  per  linear  foot, 
of  3000  pounds  for  standard  and  4500  pounds  for  double  thick 
pipe,  according  to  this  formula,  10",  18",  20"  and  24"  standard  will 
have  to  be  increased  to  .94,  1.348,  1.437  ^"^1  1.605  inches  respec- 
tively; and  12",  15",  18"  and  20"  double  thick  to  1.35,  1.543,  1.73 
and  1.84  inches  respectively,  the  other  sizes  being  of  the  proper 
thickness  at  present. 

Having  a  pipe  of  this  known  bearing  strength,  its  factor  of 
safety  depends  on  the  trench  pressures,  which  leads  us  to  that  por- 
tion of  the  experiments. 

The  trench  experiments,  as  before  stated,  were  designed  to 
ascertain  the  pressure  created  on  a  pipe,  culvert,  brick  sewer  or 
other  structure  built  in  a  trench,  by  the  superincumbent  earth. 

Common  sense  tells  us  that  this  pressure  is  not  a  multiple  of 
the  weight  of  earth  per  foot  by  the  depth,  but  rather  some  fraction 
of  this  product  depending  on  the  nature  of  the  material.  To 
ascertain  this  net  pressure  in  trenches  the  hydraulic  machine,  be- 
fore described,  was  placed  on  two  sills  laid  lengthwise  in  the 
bottom  of  a  13-foot  trench,  the  cylinder  being  inverted  and  filled 
with  water,  which  kept  the  plunger  about  the  center  of  its  move- 
ment. Everything  being  water-tight,  there  was  no  need  of  any 
pump,  the  water  merely  upheld  the  plunger  and  conimunicated  the 
weight  to  the  gauge. 

On  the  plunger  a  block  of  pine,  18"  in  diameter  and  15"  high, 
was  placed.  On  this,  two  6"  x  4"  sticks  rested  and  carried  the 
platform,  5'-2"  long  by  3'-3"  wide,  on  which  the  earth  was  filled. 
The  machine  and  platform  reduced  the  depth  of  trench  available 
for  experiment  to  8.8  feet,  which  is  the  maximum  depth  of  filling 
that  was  weighed. 

The  ends  of  the  trench  were  in  all  cases  sheeted,  enough  of 
the  front  sheeting  being  removed  to  permit  reading  of  the  gauge. 
The  sides,  likewise,  to  a  point  three  inches  higher  than  the  platform. 
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were  always  sheeted,  forming  with  the  ends  a  permanent  box  in 
which  the  platform  worked.  A  space  of  one  inch  was  left  in  all 
cases  between  sheeting  and  edge  of  platform.  To  prevent  the 
earth  from  falling  through  this  crack  to  the  machine  below,  burlap 
was  loosely  tacked  to  the  platform  and  sheeting. 

Above  the  level  of  the  platform  the  sides  were  sheeted  or  not, 
as  the  conditions  of  the  different  experiments  demanded.  It  is  to 
be  noted  that  while  the  sides  were  not  sheeted  in  some  cases,  the 
ends  were  always  sheeted.  No  rangers  or  braces  were  used  on  the 
inside  of  end  sheeting,  so  that  the  recorded  pressures  must  be 
higher,  or  on  the  safety  side  therefore,  in  every  cage,  than  in  a 
continuous  trench. 

The  first  experiment  was  made  with  unsheeted  sides,  sloping 
from  a  bottom  width  of  4.0  feet  to  6.0  feet  at  a  height  of  9.0  feet. 
The  material  used  for  filling  was  the  loam  as  found  at  the  Filter 
Beds,  sandy,  but  damp  enough  to  retain  shape  when  pressed  in  the 
hand.     It  weighed  96  pounds  per  cubic  foot. 

The  second  experiment  was  made  in  same  kind  of  a  trench 
as  the  first,  but  the  filling  was  in  this  case  sand  and  gravel.  This 
material  would,  according  to  the  standard  of  the  State  Board  of 
Health,  have  an  effective  size  of  .6  mm,  not  counting  the  stones 
which  ranged  from  size  of  a  pea  to  an  egg,  with  perhaps  two  of  the 
latter  in  each  shovelful.  The  sand  was  sharp,  and  weighed  115 
pounds  per  cubic  foot.  In  the  third  experiment  the  sides  were 
sheeted  vertically  and  smooth,  all  rangers  and  ties  being  kept  on 
the  outside.  The  material  used  in  filling  in  this  and  all  the  other 
tests,  except  No.  i,  was  the  sand  and  gravel  as  just  described. 

The  fourth  experiment  was  made  with  sides  sheeted  on  a  slope 
of  ^-i,  the  width  increasing  from  3.8  feet  at  the  bottom  to  7.8  feet 
at  the  top. 

In  the  fifth  experiment  the  trench  was  dug  out  to  a  width  of 
8  feet  at  the  level  of  the  platform,  the  sides  being  vertical  and  un- 
sheeted. The  platform  thus  occupied  39  per  cent,  of  the  area  of 
the  bottom  of  trench. 

The  sixth  and  last  experiment  was  made  by  once  more  sheet- 
ing the  sides  vertically,  but  instead  of  leaving  the  sheeting  smooth, 
as  in  experiment  3,  pieces  of  boards  and  plank  were  nailed  to  the 
sheeting  in  various  ways  to  increase  friction. 

In  these  experiments  one  man  backfilled  while  another 
rammed  the  material  in  the  trench,  the  filling  being  made  in  six- 
inch  layers,  and  readings  of  the  gauge  taken  at  the  completion  of 
each  layer. 

Table  5  gives,  in  the  first  column,  the  depth  of  filling  measured 
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Table  5.     Showing  Results  of  Trench  Experiments. 


First  Experiment. 
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D   Experiment. 

Third  Experiment. 

Ratio  of 
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Depth 
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Filling. 

Net 

gauge 
load  to 

Depth  of 

Net 
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to  load 

Depth  of 
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Pressure 

weight 
of  earth, 

Filling. 

gauge 
Pressure. 

weight 
of  earth, 

Filling. 
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Pressure. 

weight 
of  earth, 

per  cent. 

percent. 

per  cent. 

1.2 

4.15 

82.2 

•5 

2.25 

893 

1.0 

3-55 

68.6 

1.8 

5-25 

69.6 

1.05 

4-15 

78.4 

1-5 

5-60 

72.3 

2.3 

6,00 

62.2 

1.6 

5-65 

70.1 

2.0 

6.75 

65.2 

3-0 

6.75 

53-0 

2.1 

6.95 

65-9 

2.5 

7-55 

60.4 

3-5 

7.25 

48.3 

2.5 

7-75 

61.4 

3-0 

8.35 

53-1 

4.0 

7.65 

44.2 

3-0 

8-35 

54-7 

3-5 

9.80 

53.» 

4-5 

8.15 

41.4 

3-5 

8.95 

49-7 

4.0 

10.75 

50.5 

5-0 

8.80 

39-8 

4.0 

9-95 

47-9 

4-5 

11-95 

49-4 

5-5 

9.40 

38-5 

4-5 

10.75 

45-6 

5.0 

13-05 

48.3 

6.0 

9-95 

37-2 

5-0 

11-75 

44-5 

5-5 

14-25 

47-6 

6.5 

10.65 

36.6 

5-5 

12.65 

43-3 

6.0 

15-55 

47-4 

7.0 

11.20 

35-6 

6.0 

13-35 

41.7 

6.5 

16.75 

46.9 

7-5 

11.90 

35.2 

6.5 

1495 

42.2 

7.0 

18.05 

46.7 

8.0 

12.40 

34-3 

7.0 

15-65 

41.6 

7-5 

18.95 

45-6 

8.8 

13-35 

33-5 

7-5 

16.60 

40.9 

8.0 

20.25 

45-6 

8.0 

17-55 

40-5     I 

8.8 

21-75 

44-4 

8.8 

18.65 

39.0     i 

Fourth  Experiment. 

FiFTI 

i  Experiiv 

ent. 

Sixth  Experiment. 

•5 

.70 

1.0 

3-50 

695   ' 

.5 

I-I5 

45-6 

I.O 

3.65 

70.5 

1.5 

5-05 

66.8 

1.0 

3.65 

72.5 

1-5 

5.65 

72.1 

2.0 

6.05 

60.2 

1-5 

5-55 

73-4 

2.0 

7.00 

67.6 

2.5 

7-25 

57-4 

2.0 

6.45 

64.2 

2.5 

785 

62.8 

3-0 

8.05 

52.7 

2.5 

7-45 

59-0 

30 

8.95 

56.9 

3-5 

8.85 

49-2 

3-0 

8.25 

54-0 

3-5 

985 

53-4 

1    4-0 

9-95 

47-9 

3-5 

9-15 

50.8 

4.0 

II. 15 

52.4 

4-5 

10.60 

44.9 

4-0 

9-75 

46.9 

4-5 

1275 

52-8 

5-0 

11.65 

44.  r 

4-5 

10.55 

44.7 

5-0 

14-35 

53-0 

5-5 

12.65 

43-3 

5-0 

11-25 

42.6 

5.5 

16.15 

53-9 

6.0 

13-95 

43-6 

5-5 

12.25 

41.9 

6.0 

17-75 

54-1 

6.5 

14.55 

41.7 

6.0 

13-20 

41.2 

6.5 

19-25 

53-7 

7.0 

16.65 

44-2 

6.5 

14.05 

40.3 

7.0 

20.75 

53-9 

7-5 

17-75 

43-8 

7.0 

14-65 

38.9 

7-5 

22.35 

53-9 

8.0 

18.65 

43-0 

7-5 

15.45 

38.1 

8.0 

23-75 

53-5 

8.8 

19-25 

40.3 

8.0 

16.25 

37-4 

8.8 

26.05 

53-2 

8.8 

17.45 

36.5 

from  top  of  platform;  in  second  column  the  net  gauge  pressure, 
and  in  the  third  column  the  percentage  which  total  load  by  gauge 
is  of  weight  of  filling  vertically  over  platform.  This  last  column 
has  been  expressed  giaphically  in  Fig.  3. 

Experiments  i  and  2  were  intended  as  a  study  of  sloping  un- 
sheeted  sides,  the  first  filled  with  loam,  the  second  with  gravel. 

Looking  at  the  curves  on  Fig.  3,  it  is  seen  that  in  experi- 
ment I  the  percentage  of  weight  of  superimposed  earth,  transmitted 
to  platform  ranged  from  76  per  cent.,  with  a  depth  of  filling  of  1.5 
feet,  to  33  per  cent.,  with  9  feet;  and  in  experiment  4  from  72  per 
cent,  to  39  per  cent,  at  these  same  depths,  the  curves  crossing  at 
about  a  depth  of  two  feet.     In  the   higher  depths  the   greater 
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cohesion  of  the  loam  absorbs  about  6  per  cent,  of  the  weight  of 
earth. 

Proceeding  to  experiment  3,  these  percentages  ranged  from 
72.0,  with  1.5  feet  filHng,  to  44.0,  with  9.0  feet  fihing.  It  thus 
appears  that  the  sheeting  of  the  sides  causes  5  per  cent,  increase  in 
the  pressure  transmitted  to  platform. 

Considering  next  experiment  6, — trench  sheeted  as  in  experi- 
ment 3,  but  rough  instead  of  smooth, — it  is  found  that  with  the 
same  depths  these  percentages  range  from  73.5  to  36.0. 

Experiment  5  may  be  compared  with  experiment  2,  the  first 
made  by  digging  out  the  trench  to  a  width  of  8  feet  with  vertical 
sides,  the  second  with  sides  sloping  from  the  width  of  platform  at 
bottom  to  a  width  of  6  feet  at  top.  Both  were  gravel  filled  and 
unsheeted  on  sides.  Experiment  5  was  made  particularly  to 
ascertain  the  net  pressure  on  platform  when  it  occupied  only  a 
portion  of  the  bottom  of  the  trench.  The  net  pressure,  as  shown 
by  curve,  varies  from  67.0  per  cent.,  at  1.5  feet,  to  40.0  per  cent.,  at 
9  feet,  results  very  similar  to  those  of  experiment  No.  2.  This 
indicates  that  the  pressure  per  square  foot  on  unshcctcd  trenches  is 
about  the  same  whether  vertical  or  sloped,  and  that  there  is  no 
wedging  effect  from  sloped  sides,  a  pipe  having  to  carry  a  load 
proportioned  to  its  horizontal  surface. 

The  fourth  experiment,  with  sheeted  sides  sloped  ^-i,  was 
made  to  study  the  wedging  effect  in  such  a  trench.  It  is  seen  from 
the  curve  that  the  percentage  of  weight  of  superimposed  earth 
transmitted  to  platform  ranged  from  72.0  per  cent.,  at  1.5  feet,  to 
53.0  per  cent.,  at  9.0  feet,  being  much  higher  than  in  the  other  ex- 
periments. 

Looking  over  Fig.  3,  the  small  difference  in  the  results  of 
the  several  experiments  is  very  striking.  Leaving  out  experi- 
ment No.  4  as  an  exceptional  case,  it  is  seen  that  the  difference  in 
net  pressure  is  less  than  10  per  cent. 

These  results  cover  well  all  trench  conditions  except  the  very 
important  one  of  variation  in  the  nature  of  the  Ming  material. 
The  curves  show  that  it  is  not  the  friction  of  the  sides,  but  rather 
the  cohesion  of  the  particles  of  earth  filling  which  determines  the 
net  pressure  on  the  pipe.  Experiment  No.  5  seems  to  indicate  that 
the  width  of  trench,  within  limits,  has  little  influence  on  this  result. 

Friction  is  a  function  of  the  pressure  perpendicular  to  surface 
acted  on,  or  in  this  case  cohesion  is  a  function  of  the  lateral  earth- 
pressure,  and  the  relation  of  lateral  pressure  to  weight  of  earth 
depends  on  the  fluidity  of  material. 

An  examination  of  the  diagram  shows  the  cohesion  rapidly 
increasing  to  a  depth  of  about  5  feet,  at  which  point  the  curves  take 
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a  more  horizontal  direction.  As  an  explanation  of  this  curve  it 
may  be  offered,  that  up  to  a  certain  depth  the  rapidly  increasing 
ratio  of  lateral  pressure  to  weight  of  earth,  and  at  the  same  time 
the  rapidly  increasing  coefficient  of  friction,  owing  to  lessened 
fluidity  of  material  under  pressure,  together  act  to  increase  co- 
hesion, or,  in  other  words,  lessen  percentage  transmitted  to  pipe. 
At  the  point  where  the  earth  filling  becomes  almost  further  incom- 
pressible, the  coef^cient  of  cohesion  becomes  constant  and  the 
curve  approaches  a  horizontal  straight  line. 

It  will  be  noticed  that  in  curves  of  experiments  No.  i  and 
No.  2,  the  loam  and  gravel  unsheeted  trenches,  that  when  the 
straight  line  is  reached  the  percentage  transmitted  to  pipe  is  about 
31.0  and  36.0.  These  figures  are  equal  to  the  difference  between 
the  coef^cient  of  friction  of  loam  and  gravel,  and  unity.  If  we 
may  extend  this  relation  to  other  materials,  we  have  a  means  of 
estimating  the  percentage  of  pressure  transmitted  by  the  more 
dangerous  materials. 

On  this  assumption  it  may  be  said  that  after  the  ratio  of  lateral 
pressure  to  weight  has  reached  a  constant  which  will  be  at  depths 
about  10  feet,  the  percentage  of  weight  of  filling  (or  of  external 
weights)  transmitted  to  a  buried  structure  will  be  the  difference 
between  unity  and  the  tangent  of  angle  of  repose  of  the  material 
in  trench. 

A  wet  clay  with  coefficient  of  friction  equal  to  .35  will,  on  this 
basis,  transmit  65  per  cent,  of  its  weight  to  a  buried  structure,  and 
this  may  be  considered  the  extreme  case. 

So  far  as  the  curves  are  based  on  experiment  they  are  un- 
deniably correct.  It  was  rather  a  surprise  to  the  writer  to  find 
that  a  6"  layer  of  earth  transmits  its  own  percentage  of  pressure 
through  9  feet  of  filling  which  had  been  thoroughly  rammed  in  6" 
layers,  but  such  was  the  case,  and  we  see  no  reason  why  this  rule 
sliould  not  hold  within  any  practical  limits. 

After  completing  the  filling  of  the  trench  in  experiment  No.  2, 
thirty  granite  blocks,  weighing  3750  pounds,  were  piled  up  on  an 
area  2.0  x  3.35  feet.  The  gauge  pressure  was  increased  2.05 
pounds,  or  23.5  per  cent,  of  the  actual  weight  of  the  stones  was 
transmitted  through  9  feet  of  gravel  to  the  platform. 

Repeating  this  on  the  trench  with  smooth  sheeted  vertical 
sides,  30.9  per  cent,  of  weight  of  stones  was  indicated  by  increased 
gauge  ])ressure.  With  rough  sheeted  sides  32.0  per  cent,  was 
transmitted  to  platform,  and  with  trench  8  feet  wide,  as  in  experi- 
ment 5,  only  19  per  cent. 

The  net  pressure  is  therefore  invariably  a  smaller  percentage 
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of  weight  of  external  object  than  that  indicated  by  the  diagram  of 
net  pressure  of  tilhng,  and  it  will  be  well  within  the  limits  of  safety 
to  use  the  diagram  in  figuring  net  weight  of  external  objects  at 
different  depths. 

Accepting,  then,  these  curves  as  of  some  value,  and  assuming 
the  weight  of  earth  as  100  pounds  per  cubic  foot,  it  is  only  neces- 
sary to  multiply  the  depth  by  ordinate  of  curve  to  find  the  net  pres- 
sure per  square  foot  at  dififerent  depths. 

Referring  to  Table  3,  column  11,  we  find  the  breaking  load  per 
square  foot  of  the  several  sizes  of  pipe  as  found  by  experiment,  or, 
better,  let  us  assume  that  all  standard  pipe  are  to  be  made  of  such 
a  thickness  as  will  carry  an  ultimate  load  of  3000  pounds,  and 
double  strength  a  load  of  4500  pounds.  Compare  these  figures 
W'ith  the  results  of  the  trench  experiments  and  we  have  an  expres- 
sion of  the  ability  of  sewer  pipe  to  stand  probable  pressure. 

Table  6  is  an  attempt  to  express  the  factor  of  safety  af- 
forded by  the  different  sizes  of  pipe,  standard  and  double  strength, 
up  to  a  depth  of  20  feet  in  a  gravel  trench.  Column  i  shows 
the  depth;  column  2  the  net  pressure  transmitted,  as  shown 
by  experiment  2;  column  3  the  net  pressure  from  road  roller  and 
filling  at  the  different  depths,  and  the  other  columns  the  factor  of 
safety  found  by  dividing  the  ultimate  breaking  load  of  the  several 
sizes,  as  given  at  head  of  column  by  the  figures  of  column  2. 

From  a  careful  study  of  the  preceding  table  and  a  comparison 
of  the  results  there  indicated  with  such  actual  failures  of  sewer  pipe 
as  we  have  been  able  to  investigate,  3  has  been  chosen  as  the  neces- 
sary factor  of  safety. 

Referring  to  Table  3,  it  is  found  that  the  average  minimum 
breaking  load  is  about  80  per  cent,  of  the  average  breaking  load. 
Therefore  a  factor  of  safety  of  3,  based  on  the  average  breaking 
load,  is  only  equal  to  a  factor  of  2.5  based  on  the  minimum  break- 
ing load. 

The  ultimate  breaking  loads  of  the  pipes  upon  which  the  pre- 
ceding table  is  based  were  obtained  from  pipe  thoroughly  well  laid 
in  an  unyielding  trench.  The  net  pressures  were,  it  is  true, 
obtained  from  new  trenches,  and  arc  probably  much  greater  than 
in  an  old  trench,  but  it  is  to  be  noticed  that  the  figures  are  based  on 
weight  of  filling  alone,  no  live  load  being  taken  into  account. 

Take  the  extreme  case  of  a  road  roller  weighing  fifteen  tons, 
with  perhaps  six  tons  on  each  of  the  six-foot  rear  wheels,  which 
are  eighteen  inches  wide.  With  a  surface  depression  of  6  inches, 
this  means  a  load  of  about  2500  pounds  per  square  foot  over  an 
area  1.5  x  3.3  feet,  or  nuich  the  same  as  the  granite  blocks  covered. 
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Column  3  gives  the  total  effective  load  per  scjtiare  foot  at  the  dif- 
ferent depths  of  this  live  load  and  the  earth  filling. 

Comparing-  these  figures  with  the  ultimate  breaking  load  at 
the  head  of  each  column,  it  is  seen  that  in  such  an  extreme  case  the 
pipes  have  a  very  small  factor  of  safety. 

Any  factor  chosen  must  cover  the  variations  in  strength  of 
pipe  and  the  iniquities  of  pipe-laying,  and  it  is  believed  that  3  is  a 
factor  of  safety  small  enough  to  cover  such  contingencies  in  the 
safer  trenches  of  gravel. 

In  such  material  as  shown  on  Fig.  3  the  percentage  of 
pressure  transmitted  to  pipe  is  about  35.0.  If,  as  elsewhere  dis- 
cussed, as  high  as  60  per  cent,  may  be  transmitted  in  the  more  dan- 
gerous materials,  in  such  cases  a  higher  factor,  based  on  this  per- 
centage, should  be  chosen. 

Thus,  while,  according  to  the  table,  20"  standard  is  "afe  at  a 
depth  of  17  feet  in  gravel,  in  wet  clay  double  strength  should  be 
used  at  this  depth. 

While  appreciating  the  many  elements  of  discord  entering  into 
trench  work,  capable  of  greatly  altering  such  results  as  here  pre- 
sented, it  is  believed  that  some  such  basis  of  judgment  may  help  to 
decide  whether  standard  or  double-strength  pipe  is  necessary,  and 
perhaps  form  a  foundation  for  future  observers  on  this  subject. 

Moreover,  it  is  probable  that  if  engineers  should  decide  that 
the  thicker  pipe  is  necessarv  at  certain  depths,  and  increased  quan- 
tities should  be  used,  its  price,  which  is  at  present  out  of  all  pro- 
portion to  its  cost,  as  compared  wnth  standard  pipe,  would  fall  to  a 
level  where  it  could  reasonablv  be  used. 


SPECIAL    RESULTS. 

The  following  table  shows  the  results  of  breaking  special  pipe 
which  were  marked  as  soft,  medium  and  hard-burned  by  the  manu- 
facturer: 

Tarle  7. 


Degrees  of  Burning. 

6  inches.      8  Inches.      i2  inches.      15  inches. 

18  inches 

Average. 

Soft. 

Medium        

61                  64                  40                  51                  48 
fi"?                      '^Q                     d'K                      2Q                      •?  r 

52.8 
45-4 
45-5 

Hard 

49       :         59       1                   1         38 

36 

Only  one  piece  of  each  degree  of  burning  in  each  size  was 
broken,  so  that  the  results  are  accordingly  not  especially  trust- 
worthy. So  far  as  shown,  however,  little  can  be  inferred  as  to  the 
strength  of  pipe  from  the  degree  of  burning.     According  to  the 
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table,  the  soft  pipe  were  15  per  cent,  stronger  than  the  medium 
and  hard,  which  broke  at  about  the  same  figures. 

The  soft  pipe  were  a  Hght  chocolate  in  color,  having  a  good 
solid  body;  not  a  pipe  that  would  be  condemned  from  its  appear- 
ance, although  lighter  than  is  preferred  by  many  engineers  in  New 
England. 

The  medium  pipe  were  of  the  average  appearance,  such  as 
were  broken  in  the  general  tests,  while  the  hard  w^ere  of  a  bluish 
gray  color,  brittle  and,  in  the  opinion  of  the  writer,  overburned. 

A  careful  study  of  the  external  color  and  the  texture  of  the 
various  pipe  throughout  the  tests  failed  to  furnish  any  satisfactory 
explanation  of  the  variation  in  breaking  load. 

It  has  been  noticed  in  the  shale  pipe,  that  low  breaks  are  often 
found  in  laminated  pipe — those  which  on  breaking  separate  in  con- 
centric layers.  This  by  no  means  explains  all  low  breaks,  but  is  an 
accompaniment  of  the  majority  of  them.  It  would  seem  reason- 
able that  this  would  be  a  cause  of  weakness.  The  laminations  are 
probably  caused  by  the  lagging  behind  of  the  clay  next  to  the 
inside  and  outside  molds,  and  the  forcing  of  the  center  clay  ahead. 
Lubrication  of  the  molds  might  prevent  this  action. 

The  noticeably  low  breaking  strength  of  the  20"  B  double- 
strength  pipe  is  plausibly  explained  by  the  appearance,  in  the  mid- 
dle third  of  the  thickness  of  the  pipe,  of  a  black  streak  resembling 
porous  slag.  While  the  average  body  of  this  pipe  absorbed  about 
1.5  per  cent,  of  its  weight  of  water  in  24  hours,  this  burned  portion 
absorbed  4.5  per  cent,  in  the  same  time. 

It  may  be  due  to  too  quick  water-smoking,  or  driving  o&  of 
the  moisture  in  the  clay.  Whatever  the  cause,  it  is  an  object  of 
interest  to  inspectors,  as  it  makes  double  strength  no  stronger  than 
standard  pipe. 

The  pipes  usually  break  in  four  pieces  in  straight  lines, 
through  the  center  of  the  crown  and  invert  and  along  the  springing 
lines  of  the  arch.  When  these  lines,  dividing  the  pipe  into  four 
equal  sections,  are  not  followed  it  is  usually  found  that  the  crack  is 
determined  by  a  fire-crack  or  small  stone.  Thorough  grinding 
and  mixing  of  the  clay  is  an  important  factor  in  the  manufacture  of 
good  pipe. 

In  several  cases  pipes  with  fire-cracks  several  inches  long 
have  been  placed  in  the  trench  so  that  the  crack  came  half-way 
between  the  points  of  probable  breakage,  and  the  pipe  stood  the 
average  pressure,  breaking  as  usual  into  four  parts. 

Fire-cracks  are  undoubtedly  an  element  of  danger;  and  if  the 
pipe  is  used  it  should  be  placed  as  described. 
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Attention  has  been  already  ealled  to  the  faet  that  the  breaking 
loads,  as  recorded  in  this  paper,  refer  only  to  the  cracking  of  the 
pipes,  and  not  to  their  destruction. 

In  several  cases  attempts  have  been  made  to  crush  the  pipes 
to  destruction,  but  always  without  success.  The  gauge  pressure 
was  run  up  to  over  100  pounds  on  8",  10"  and  24"  pipe,  and, 
although  the  cracks  at  invert  and  crown  opened  .[",  it  was  evident 
that  the  pipes  would  stand  much  more  before  destruction. 

It  may  be  said  that  with  a  good  incompressible  foundation  a 
24"  pipe,  with  sides  and  haunches  thoroughly  tamped,  after  being 
cracked,  will  stand  a  pressure  of  10,000  pounds  per  square  foot 
without  collapsing. 

This  leads  to  a  consideration  of  the  value  of  concrete  around 
pipes.  It  evidently  merely  serves  as  a  good,  unmovable  founda- 
tion, and  when  this  can  be  obtained  with  the  material  in  the  trench, 
concrete  half-way  up  a  pipe  adds  little  strength.  Where  concrete 
in  a  bad  trench  is  filled  in  solid  between  sheeting  which  is  to  be  left 
in,  the  case  is  different.  Several  pieces  of  8"  pipe  were  laid  in 
concrete — 4"  under  pipe  and  6"  on  sides  to  half  diameter  of  pipe. 
The  pipes  broke  at  65  pounds  gauge  pressure,  or  16  per  cent, 
greater  than  the  average  ultimate  breaking  load  of  pipes  in  earth. 

In  an  attempted  study  of  the  conditions  under  which  break- 
ages have  occurred  in  practice,  letters  were  written  to  all  the 
places  in  New  England  where  it  was  known  that  there  had  been 
failures.  The  sizes  which  have  failed  have  usually  been  18"  in 
diameter  and  upwards  of  standard  pipe,  but  in  three  cases  double- 
strength  pipe  has  failed. 

Except  in  one  place,  where  pipe  known  to  be  of  inferior 
quality  was  laid,  the  depth  of  cut  has  been  from  sixteen  to  twenty 
feet. 

In  almost  all  cases  there  is  a  reasonable  cause  of  the  failure  in 
the  conditions  or  methods  of  construction.  Leverage  of  chimneys, 
unstable  foundation,  unequal  settlement  at  manholes,  washing  of 
foundation  into  open  joints  of  underdrains,  are  some  of  the  reasons 
given  for  the  failure  of  pipes. 

All  of  these  are  causes  beyond  the  ability  of  the  pipe  manufac- 
turer to  meet,  causes  which  the  engineer  by  proper  care  can  over- 
come. In  order  to  do  this  with  any  reasonable  surety  of  result, 
the  pipe  should  have  a  uniform  strength  to  withstand  pressure  by 
proper  proportioning  of  the  thickness  to  the  several  diameters,  and 
greater  care  on  the  part  of  the  pipe  manufacturers  to  study  the 
determining  conditions  in  burning. 

To  the  uninitiated,  clay  burning,  in  its  lower  forms,  appears  a 
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most  unscientific  proceeding-.  Temperatures  are  judged  by  the 
eye,  and  necessary  length  of  burning  by  specimens  placed  where 
they  may  not  represent  anything  like  the  average  burning  of  the 
kiln.  The  kilns  are  usually  in  the  hands  of  an  autocrat  whose 
knowledge  of  the  art  is  his  capital,  which  he  carefully  keeps  to 
himself. 

It  would  seem  as  if  the  pyrometer,  with  electric  transmission 
and  the  coal  calorimeter  might  be  used  with  advantage  to  put  the 
knowledge  of  kiln  burning  on  some  more  rational  basis.  It  may 
be  that  the  meteorological  conditions  are  too  potent  a  factor  to 
permit  any  refinements ;  at  any  rate  there  is  a  great  variation  in  the 
strength  of  pipe  to-day,  as  witnessed  by  the  low  break  of  8"  and 
12"  A  pipe,  and  considerable  loss  to  the  manufacturer  from  culling. 

To  sum  up  the  principal  results  of  this  paper:  Pipes  of  all 
sizes  have  been  laid  in  trenches,  covered  with  earth,  and  broken  by 
pressure  applied  to  a  platform  resting  on  filling,  these  conditions 
being  as  nearly  like  those  of  actual  practice  as  it  is  possible  to 
attain. 

As  the  result  of  these  breakages,  a  relation  between  thickness 
of  pipe  and  strength  has  been  expressed,  and  it  is  suggested  that 
all  pipe  be  made  of  uniform  strength  by  properly  proportioning 
the  thickness  to  diameter — standard  pipe  to  have  a  strength  of 
3000,  and  double  strength  4500  pounds  per  linear  foot  when  laid 
and  covered  with  earth,  so  that  the  pipe  is  supported  by  well- 
tamped  filling. 

From  experiments  made  in  trenches  with  gravel  and  loam 
filling,  the  actual  pressure  at  different  depths  has  been  ascertained 
and  expressed  as  a  percentage  of  the  weight  of  earth  superimposed. 
This  percentage  rapidly  decreases  with  increasing  depth,  until  at 
about  TO  feet  or  less  it  reaches  a  constant  value.  This  value,  in  the 
case  of  loam  and  gravel, — the  two  materials  experimented  upon, — 
was  found  to  be  equal  to  the  difference  between  unity  and  the  co- 
efficient of  friction  of  these  materials. 

If  this  relation  may  be  extended  to  other  materials,  a  means  is 
afforded  of  estimating  the  actual  earth  pressures  in  trenches  of  all 
materials  of  which  the  coefficient  of  friction  or  angles  of  repose  are 
known. 

Comparing  this  actual  earth  pressure  with  the  breaking 
strength  of  pipe  per  square  foot,  factors  of  safety  for  the  different 
sizes  of  p\\)c  at  different  depths  are  figured,  and  it  is  suggested 
fiom  a  study  of  known  pipe  failures  in  practice  that  3  be  provision- 
ally chosen  as  the  necessary  factor  of  safety  in  gravel  trenches, 
^vith   an    increased    factor,   based   on   angle   of   repose,    for   other 
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material.  In  this  way  a  means  of  more  readily  deciding  whether 
double-thick  pipe  or  concrete  is  necessary  will  be  afforded,  and 
whether  experience  bears  out  its  value  or  not  it  will  at  least  form  a 
foundation  about  which  to  group  future  judgments  and  results. 

In  connection  with  the  breaking  tests,  an  attempt  has  been 
made  to  determine  the  form  of  pipe  joint  which,  while  fulfilling 
practical  requirements,  would  give  the  minimum  leakage. 

Special  pipes  8"  in  diameter  were  made,  with  joints  varying 
from  I"  to  3"  deep  and  from  ^"  to  i"  thick. 

Over  two  hundred  sets  were  made  up  and  tested  in  the  same 
manner  as  described  by  Mr.  Freeman  C.  Coffin,  in  his  paper  on 
"Tests  of  Cement  Joints  for  Sewer  Pipe." 

The  assistant  who  made  these  tests  was  at  first  instructed  to 
pack  the  cement  into  the  joints  with  a  wooden  caulking  tool,  the 
mortar  being  of  the  consistency  of  dry  mud.  It  was  soon  found 
that  in  this  way  almost  any  joint  could  be  made  so  that,  under  a 
five-foot  head,  it  would  not  leak  enough  to  measure  in  three  hours, 
and  this  has  been  considered  as  water-tight.  No  comparison  of  the 
efficiency  of  the  dift'erent  joints  could  be  thus  obtained,  and  accord- 
ingly the  mortar  was  made  more  moist  and  the  joint  formed,  as  in 
practice,  by  a  trowel  and  gloves. 

The  results  have  been  decidedly  unsatisfactory  from  the  stand- 
point of  a  written  report,  and  no  tabulations  of  the  figures  will  be 
given.  It  is  believed,  however,  that  in  this  irregularity,  perhaps, 
information  of  value  may  be  found. 

All  the  work  has  been  done  by  an  assistant  who  knew  nothing 
of  the  probable  results,  and  who  was  instructed  to  treat  each  joint 
alike  as  to  tamping  and  filling. 

Tests  of  the  time  of  setting  and  tensile  strength  of  the  cement 
were  carried  on  at  the  same  time,  and  proved  the  cement  to  be  high 
grade. 

The  several  joints  experimented  upon  were  as  follows,  the 
first  figure  indicating  depth,  the  second  width:  ^"  x  -|",  f'  ^  i" ' 
1^"  X  f",  2"  X  ^",  2V'  X  1",  3"  X  f .  For  comparison  the  joints 
were  made  of  neat  cement,  and  not  overfilled. 

No  very  high  leakage  was  obtained  from  any  form  of  joint, 
the  average  being  about  2500  gallons  per  mile;  the  lowest  850  gal- 
lons, with  the  f"  X  V ;  the  highest  14,500  gallons,  with  the  i~Y  ^ 
f "  joint. 

In  the  six-hour  tests  the  Rosendale  neat  leaked  70  per  cent, 
more  than  the  Portland,  the  average  of  all  joints  being  3245  for 
Rosendale  and  1900  gallons  per  mile  for  Portland. 

In  the  eighteen  hours  tests,  however,  the  difference  is  the  other 
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\va\',  the  Portland  leaking'  lo  per  cent,  more  than  the  Roscndale. 
the  fig'ures  being  1650  and  1485  gallons  ])er  mile,  respectively. 
This  is  probably  due  to  the  slower  set  of  the  Rosendale,  which 
only  leaked  45  per  cent,  as  much  after  an  eighteen-hour  set  as 
after  a  six-hour  set,  while  the  Portland  eighteen-hour  leakage  is 
85  i)er  cent,  of  the  six-hour  leakage. 

The  most  noticeable  result  is  the  small  leakage  in  the  shallow 
joints,  y'  and  4"  deep.  An  examination  of  the  cement  removed  in 
taking  the  joints  apart,  however,  plausibly  explains  this  result. 
In  the  shallow  joint  the  cement  is  perfectly  hard  and  compact  for 
the  entire  depth,  bonding  well  with  the  irregularities  of  the  pipe, 
while  in  the  joint  3"  x  -|"  only  the  upper  portion  is  usually  solid, 
the  cement  beneath  being  porous  and  full  of  air-spaces.  This  was 
obtained  in  joints  which  had  been  packed  with  trowel  until  the 
water  flushed  well  to  the  surface.  The  clinging  of  the  cement  to 
the  sides  makes  it  difficult  to  thoroughly  fill  a  depth  greater  than 
1-2"  unless  the  width  is  proportionally  increased,  or  efforts  out  of 
all  comparison  with  actual  practice  are  made. 

The  above  results  indicate  that  experimentally  a  joint  f "  deep  is 
as  water-tight  as  one  3"  deep  made  with  the  same  elfort.  Of 
course,  in  practice  the  difficulty  of  keeping  green  cement  from  fall- 
ing out  of  a  shallow  joint  makes  the  minimum  depth  of  joint 
greater  than  this. 

It  is  not  believed  that  the  best  depth  is  capable  of  experimen- 
tal proof.  The  results  which  have  been  obtained  showed  com- 
paralivel)-  little  difference  in  the  leakage  of  joints  varying  from  ^" 
to  3"  deep,  except  in  the  very  narrow  il"  joint,  where  it  was  six 
times  as  great  as  the  average  of  the  joints  V'  wide.  Leakage 
dc])ends  upon  the  depth  of  the  surface  hardening  of  the  cement, 
and  it  is  reasonable  that  unless  the  deeper  joints  are  thoroughly 
compacted  they  should  leak  as  much  as  the  shallow  joints.  With 
the  verv  narrow  joint,  however,  not  even  the  upper  V'  was 
thoroughly  filled.  liy  "tilled"  is  here  meant  absence  of  air-holes, 
however  minute,  because  water,  under  a  five-foot  head,  easily 
forces  its  way  through  such  openings. 

The  effect  of  overfilling  was  tried  w^ith  the  V  x  V'  joint  and 
the  advantages  shown,  the  leakage  being  only  220  gallons  per  mile, 
.  or  about   10  per  cent,  of  the  leakage  through  this  joint   without 
overfilling. 

In  the  tests  of  mortar  joints  with  i  cement  to  i  sand  and  i 
cement  to  2  sand,  the  leakage  differed  but  little  from  the  neat 
joints,  except  that  in  this  case  the  deep  3"  x  V  joint  leaked  much 
less  than  the  shallow  joints.     It  is  reasonable  that,  so  long  as  the 
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percentage  of  cement  is  sufficient  to  fill  the  voids  of  the  sand,  the 
leakage  through  the  mortar  made  of  clean,  sharp  sand  and  cement 
should  differ  little  from  that  through  neat  cement. 

In  conclusion,  it  is  believed  that  the  following  results  have 
been  indicated  by  the  tests: 

First.  That  experimentally  a  tight  joint,  under  a  five-foot 
head,  can  be  made  by  using  dry  mortar  and  sufficient  tamping. 

Second.  That  from  joints  made  more  nearly  as  in  practice 
little  information  can  be  obtained. 

Third.     That  all  joints  should  be  overfilled. 

Fourth.  That  joints  less  than  |"  wide  cannot  be  made  tight 
without  undue  labor. 

Fifth.  That  the  difference  between  Rosendale  and  Portland 
cement  joints  is  slight  after  an  eighteen-hour  set. 

Sixth.  That  an  overfilled  shallow  joint  is  as  tight  as  a  deeper 
joint,  unless  great  care,  such  as  is  seldom  taken  in  practice,  is  used 
to  fill  the  deeper  joint. 

The  deeper  joint,  however,  better  resists  the  dangers  of  pipe 
movement  before  set  of  cement  and  the  injury  from  backfilling, 
and  this  consideration  makes  a  joint  deeper  than  one  inch  at  least 
necessary.  How  deep  it  should  be  is  a  mere  matter  of  judgment. 
The  personal  equation  of  the  pipe  layer  and  the  inevitable  disturb- 
ing elements  of  trench  work  render  it  of  little  use  to  figure  that  the 
leakage  is  affected  by  changes  of  fractions  of  an  inch. 

For  the  sake  of  the  manufacturers,  and  indirectly  of  the  con- 
sumers of  sewer  pipe,  it  would  be  well  if  some  standard  dimensions 
of  pipe  joints  could  be  decided  upon. 

It  is  believed  that  a  joint  2"  x  -i"  for  pipes  up  to  12"  in 
diameter,  and  3"  x  f "  for  larger  sizes,  will,  when  overfilled,  give  as 
good  results  as  can  be  obtained. 

DISCUSSION. 

Mr.  F.  Herbert  SNOw.-^The  city  of  Brockton  was  one  of 
the  first  places  to  use  the  deep  socket  pipe  designed  by  the  late 
M.  M.  Tidd  and  put  on  the  market  by  the  Portland  Stone  Ware 
Company.  We  were  satisfied  that  it  was  an  improvement,  and 
planned  on  purchasing  more  at  the  first  opportunity. 

It  so  happened,  however,  that  the  lowest  bidders  for  furnish- 
ing the  first  large  lot  of  pipe  were  the  Akron  manufacturers,  who 
did  not  make  deep  socket  at  that  time.  I  insisted  that  this  kind 
of  pipe  should  be  furnished,  and  the  local  representative  of  the 
Akron  people — being  determined  to  secure  the  contract — induced 
one  of  the  Commissioners  and  myself  to  go  to  Akron,  make  our 
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wants  known,  and  prevail  upon  the  manufacturers  to  accede  to 
our  request. 

it  was  stated  at  the  conference  that  the  Eastern  engineers 
were  not  only  very  particular,  hut  also  not  agreed,  regarding  the 
proper  depth  of  bell  and  width  of  socket,  and  that  it  was  imprac- 
ticable for  the  manufacturers  to  attempt  to  cater  to  the  wdiims  of 
every  engineer.  They  finally  agreed,  however,  to  make  what 
we  wanted,  and  at  least  two  of  the  factories  went  to  the  expense 
of  getting  out  a  new  set  of  dies. 

Later,  the  experiments  of  Mr.  Freeman  C.  Coffin  proved  to 
us  that  we  had  done  right  in  insisting  on  deep  socket. 

The  experiments  which  we  have  conducted  in  Brockton  seem 
to  prove  the  standard  socket  to  be  preferable.  I  am  of  the  opin- 
ion, however,  that  a  satisfactory  demonstration  of  this  question 
by  experiments  in  the  laboratory  alone  is  impracticable,  because 
of  the  diflference  between  the  conditions  under  which  the  experi- 
ments must  be  conducted  in  the  laboratory  and  those  encountered 
by  actual  experience  in  the  trenches. 

We  are  not  prepared  to-da}-  to  alone  take  a  definite  stand 
regarding  the  proper  dimensions  of  bell  and  w'idth  of  socket. 

There  is  as  great  a  dilTerence  of  opinion  among  Eastern  engi- 
neers on  the  subject  now  as  there  was  three  years  ago,  and  it 
would  seem  desirable  that  the  matter  be  taken  up  and  an  attempt 
be  made  to  reach  an  agreement  between  ourselves  and  the  manu- 
facturers. 

Regarding  the  object  of  the  experiments:  On  several  occa- 
sions, early  in  the  construction  of  the  sewerage  system,  we  had 
some  doubt  whether  to  use  the  old  standard  or  the  new^  double- 
strength  pipe.  A  thorough  discussion  of  the  question  did  not 
remove  the  doubts.  I  explained  the  uncertainties  of  the  matter 
to  the  Sewerage  Commissioners,  who  looked  into  the  question, 
and — w'ishing  to  conduct  this  public  work  as  they  did  their  private 
business,  by  eliminating  all  uncertainties  so  far  as  practicable,  and 
believing  that  the  cost  of  making  certain  experiments  would  be 
money  well  invested,  since  the  results  obtained  might  be  of  prac- 
tical value  to  the  city  in  the  purchase  as  well  as  the  use  of  the 
pipe — I  was  finally  authorized  and  directed  to  proceed,  and  the 
paper  which  Mr.  Barbour  has  read  to  }ou  to-night  has  been  made 
possible  by  these  two  years  of  experiments. 

The  manufacturers  of  the  pipe  mostly  used  in  New  England 
cheerfully  cooperated  from  the  first,  putting  themselves  to  ex- 
pense and  trouble,  and  we  have  carried  the  tests  along  with  the 
hope  that  the   results   obtained   might  be   an   aid   to   some   more 
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definite  and   satisfactory   conclusion   among   engineers   regarding 
the  strength  and  dimensions  of  pipe. 

I  trust  that  this  Society  will  manifest  an  active  interest  in 
the  subject,  and  that  finally  the  Sewerage  Commissioners  and  the 
manufacturers  may  see  the  practical  results  of  the  money  invested 
in  the  experiments. 

Mr.  T.  Howard  Barnes. — I  am  very  glad  that  Mr.  Snow 
has  put  this  matter  on  the  basis  that  he  has, — viz,  facts  presented 
for  discussion.  Although  I  had  the  benefit  of  an  advance  copy, 
I  have  not  had  time  to  do  very  much  in  the  way  of  food  for 
thought  in  this  discussion. 

I  think  there  are  many  points  of  interest  covered  by  his 
experiments,  and  there  are  some  questions  that  arise  in  my  mind 
along  the  line  of  theories.  First  and  foremost,  as  a  demonstra- 
tion, may  be  mentioned  the  extreme  satisfaction  that  may  be  felt 
in  thinking  that,  although  the  pipe  may  crack,  if  it  is  well  packed 
around  it  will  not  break  down;  that  is,  it  will  possibly  afifect  the 
leakage,  but  we  do  not  have  the  mortification  of  digging  that 
pipe  out,  and  that  is  oftentimes  the  principle  which  may  be  adopted 
in  cases  where  the  presence  of  an  occasional  cracked  pipe  does 
not  seriously  aflfect  our  work.  Those  of  us  who  have  systems 
in  the  Metropolitan  Sewerage  District  cannot  do  that,  however, 
for  the  item  of  possible  leakage  both  in  and  out  is  inadmissible. 

There  is  one  of  the  theories  that  come  up  as  to  the  question 
of  back-filling:  what  the  effect  would  be  of  a  pressure  on  the 
pipe  in  a  very  moist  earth,  consisting  mostly  of  clay,  which  condi- 
tion often  occurs  after  a  fall  of  rain  or  by  puddling.  It  seems 
doubtful  in  my  mind  if  the  rule  will  hold  which  has  been  sug- 
gested. 

Certainly,  such  a  condition  is  liable  to  make  a  very  much 
greater  pressure  on  the  pipe;  but  another  question  is,  whether 
or  no  the  pressure  exerted  will  not  be  further  lessened  in  its  effects 
by  the  greater  lateral  pressure  communicated.  The  fact  that  the 
ends  of  the  trench  are  sheeted  up  in  the  experiments  would  seem 
to  modify  the  deductions.  In  practice  there  would  be  no  sheet- 
ing there,  and  the  earth  filling  would  transmit  an  applied  stress 
back  and  forth  over  a  more  extended  area. 

It  is  human  nature  to  be  satisfied  with  conclusions  which 
correspond  with  your  own,  and  in  that  respect  I  am  rather  pleased 
with  Mr.  Barbour's  conclusions  in  regard  to  joints  and  form  of 
socket. 

I  had  felt  for  some  time  that  the  shape  in  respect  to  the  depth 
of  socket  was  not  enough;  that,  indeed,  the  depth  was  not  the 
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principal  item,  but  that  we  needed  more  width,  and,  more  than  all, 
we  needed  that  whatever  depth  we  had  shotild  be  filled.  That  is 
the  secret  of  tight  sewers.  It  is  the  "getting  done"  of  what  we 
specify. 

1  took  out  a  section  of  8-inch  pipe  which  shows  a  depth  of 
socket  of  only  ij  inches.  The  width  is  nearly  \  inch  at  the 
mouth,  and  there  is  a  slight  flare,  something  like  15°.  This  speci- 
men shows  that  the  cement  reached  the  bottom  of  the  socket  only 
in  places.  This  was  supposed  to  have  been  laid  under  very  careful 
inspection. 

I  feel  that  the  Society's  thanks  are  due  to  the  city  of  Brock- 
ton, Mr.  Snow  and  Mr.  Barbour  for  their  very  important  results, 
for  these  facts  presented  to  us,  and  that  we  may  follow  them  up, 
as  Mr.  Snow  has  suggested,  and  make  the  most  of  them. 

Mr.  Henry  Manley. — I  do  not  desire  to  discuss  the  abso- 
lute merits  of  these  experiments,  as  the  subject  is  not  in  my 
special  line  of  engineering;  but  I  have  had  occasion  to  do  some 
work  that  has  a  bearing  upon  it — a  very  heavy  bearing,  so  to 
speak.  We  build  in  Boston  a  good  many  "assessment"  streets, 
so-called,  generally  in  the  open  country  and  for  the  benefit  of  the 
owners  of  the  adjacent  lands,  who  pay  the  entire  expense.  In 
these  streets,  under  the  law,  the  sewers,  gas  pipes  and  water  pipes, 
with  house  connections  for  each  house  and  vacant  lot,  must  be 
in  place  before  the  street  is  surfaced.  Consequently,  I  have  had 
considerable  experience  in  running  steam  rollers  over  recently 
filled  trenches  containing  sewer  pipes.  This  has  been  going'  on 
for  seven  years,  and  I  do  not  at  this  moment  recall  an  instance 
where  the  steam  roller  has  injured  a  house  sewer  pipe. 

In  many  of  these  streets  there  is  an  entirely  separate  and  addi- 
tional system  of  surface  drains,  which  are  laid  at  a  much  shallower 
depth,  and  in  a  few  instances  the  steam  roller  has  smashed  those 
])i])es,  but  in  every  such  case  it  has  been  where  there  was  a  great 
depth  of  soft  mud  underneath  the  filling,  and  where  the  pipes 
were  laid  at  a  very  shallow  depth.  Frequently  they  come  within 
18  inches  of  the  subgradc,  which  is  rolled  with  the  steam  roller, 
and  the  back-filling  is  often  badly  rammed  and  oftener  not  rammed 
at  all.  One  of  the  chief  uses  of  the  road  roller  is  to  search  out 
these  badly  filled  trenches,  and  to  allow  the  upper  layers  of  the 
back-filling  to  be  sufficiently  consolidated  to  carry  the  roadway 
surfacing. 

As  I  sav,  in  seven  vears,  covering  a  large  amount  of  this  kind 
of  work,  I  do  not  recollect  more  than  six  or  eight  crosslines  of 
drain  pipe  that  have  been  broken. 
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In  deeper  sewers — brick  sewers  on  i)ilini;',  for  instance,  on 
soft  ground — the  sewer  engineers  (which,  I  would  have  noted, 
are  an  entirely  separate  body,  that  being  a  branch  of  the  Street 
Department  proper,)  were  apprehensive,  in  some  cases,  that  the 
sewers  would  be  injured  by  the  roller. 

It  has  long  since  been  noted  that  the  effect  of  the  steam  roller 
in  consolidating  material  extends  but  a  very  short  distance. 
When  an  excavation  beyond  a  foot  or  two  below  the  surface  is 
made,  no  effect  of  the  steam  roller  can  be  found,  and  on  that 
account  I  was  of  the  opinion  that  the  roller  would  not  be  likely 
to  damage  the  sewers.  In  one  particular  case,  wdiere  there  was 
a  large-sized  brick  sewer,  there  was  a  considerable  argument 
between  the  two  kinds  of  engineers,  and  it  was  finally  agreed 
that  the  sewer  engineers  should  enter  and  place  across  the  sewer 
a  large  number  of  struts — something  like  laths — that  would  be 
flexible,  and  that  during  the  progress  of  the  rolling  they  should 
be  watched,  and  if  any  signs  of  movement  occurred  the  work 
should  be  stopped.  The  street  was  rolled  and  the  sewer  was  not 
injured.  Since  that  time  no  precautions  have  been  taken,  except 
in  cases  where  there  is  a  very  thin  cover  over  the  sewers,  and  no 
sewers  have  been  injured,  so  far  as  is  known. 

Mr.  J.  A.  Baldwin,  of  the  Buckeye  and  Summit  Sewer  Pipe 
Companies,  Akron,  Ohio. — I  am  not  accustomed  to  speaking  in 
meetings.  We  are  here  by  your  kindness  to  see  what  we  can 
learn,  and  learn  what  we  can,  as  to  your  demands.  We  realize 
that,  directly  and  indirectly,  you  are  our  largest  customers,  and 
as  business  men  it  is  our  interest  to  please  you,  to  cater  to  your 
wishes  as  far  as  practicable,  and  keep  in  line  with  you.  Perfect 
pipe  are  as  scarce  as  perfect  men.  We  know  of  three  qualities  in 
pipe  that  you  all  demand,  and  in  these  we  strive  to  excel:  First, 
to  give  you  pipe  of  strength  to  carry  any  weight  liable  to  be 
thrown  upon  it;  second,  an  internal  surface  that  will  give  the  least 
possible  friction,  free  from  roughness  or  excrescences  that  will 
catch  fibrous  matter  or  obstruct  the  flow  of  sewer  matter;  and, 
third,  a  body  absolutely  impervious  to  the  action  of  any  matter 
that  finds  its  way  into  sewers.  In  these  respects  we  do  our  best 
to  merit  your  favor.  As  to  the  depth  of  socket  and  space  for 
cement,  we  were  making  such  as  we  thought  would  give  the  best 
satisfaction  to  the  largest  number,  but  have  made  changes  to 
cater  to  the  demands  of  different  engineers,  and,  by  the  paper 
read  before  us,  we  judge  all  are  not  now  of  one  mind.  As  to  what 
is  falsely  called  double-strength  pipe,  we  think  the  name  mislead- 
ing:, as  vou  onlv  claim  for  it  one-half  added  strength,  and,  from 
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the  iiifoniiation  we  have,  we  think  none  wiU  advise  the  thicker 
pipe  for  sizes  smaller  than  1 8-inch. 

If  not  intruding,  1  would  like  to  ask  if,  in  your  judgment,  the 
few  failures  reported  when  pipe  failed  perfectly  to  carry  the 
weight  upon  it,  the  failures  would  have  occurred  had  greater  care 
been  used  in  laying;  in  short,  whether  the  failures  should  not  be 
charged  to  the  careless  neglect  or  iniquities  of  contractor  or  work- 
man rather  than  to  us  manufacturers?  As  to  demanding  that  the 
ihickness  of  pipe  be  proportionate  to  the  diameter,  we  feel  it 
would  without  benefit  add  to  the  weight  of  small  pipe  and  cause 
useless  waste  in  making,  in  freight  and  handling.  A  variation  of 
about  one-sixteenth  of  an  inch  should  be  calculated  in  the  thick- 
ness of  the  shell,  because  of  the  wearing  of  dies,  and  this  in  small 
pipe  is  very  perceptible  and  material.  The  criticism  of  our  pipe- 
burners  seems  hardly  just.  To  burn  successfully,  one  needs  long 
practice  and  careful  observation,  watching  not  only  the  fires,  but 
its  effect  upon  the  pipe  while  under  fire;  it  is  hard,  faithful  work 
twelve  hours  of  the  twenty-four. 

I  thank  you  for  the  privilege  of  the  evening. 

Mr.  E.  B.  Winslow,  of  the  Portland  Stone  Ware  Company, 
Portland,  Me. — It  certainly  has  been  a  pleasure  for  a  manufacturer 
of  sewer  pipe  to  meet  here  to-night  with  the  Boston  Society  of 
Civil  Engineers,  and  Mr.  Barbour's  paper  certainly  was  very  inter- 
esting. 

There  are  a  great  many  things  about  it  that  I  might  perhaps 
take  up  and  discuss,  but  I  will  take  but  a  few  minutes.  There 
are  a  few  things  I  would  like  to  touch  upon,  although  I  would 
prefer  to  sit  still  and  hear  Mr,  Snow  and  Mr.  Barnes  and  the 
other  gentlemen  talk  upon  this  question  of  sewer  pipe  and  the 
requirements  of  the  engineers,  rather  than  to  attempt  to  impart 
any  information  to  you  myself, 

I  have  never  yet  had  an  opportunity  to  have  the  engineers, 
cither  in  a  body  or  individually,  visit  our  works  that  I  have  not 
derived  some  benefit  from  it.  They  always  make  some  sugges- 
tions, and  while  in  their  specifications  there  may  be  some  things 
that  are  difficult  to  meet,  and  there  might  possibly  be  some  which 
wc  would  not  be  successful  in  meeting,  yet  I  have  always  made 
it  a  rule  to  satisfy  the  demands  of  the  engineers.  It  has  been  in 
the  past  looked  upon,  when  a  contract  was  let  and  the  specifica- 
tions were  submitted  to  the  manufacturer,  that  it  would  be  impos- 
sible for  him  to  meet  the  requirements  of  that  specification.  I 
never  have  known  it  to  fail,  after  the  contract  was  awarded  and 
the  engineer  had  an  o]iportunitv  to  come  to  the  factory,  and  if 
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he  had  not  before  had  an  opportunity  to  see  sewer  pipe  made  he 
would  see  at  that  time  wherein  it  was  dithcuh  to  meet  some  of 
the  requirements  of  his  specifications,  and  would  modify  them  so 
that  it  would  not  be  a  hardship  to  the  manufacturer. 

We  looked  upon  the  insi)ector,  in  the  past,  when  we  started 
in  with  the  rated  inspection  of  pipe,  as  if  that  was  a  hard  thing. 
I  have  outlived  that.  It  has  educated  not  only  the  proprietor  of 
the  works,  but  it  has  educated  every  man  within  the  works,  to  the 
importance  of  making  goods  just  as  perfect  as  they  can  be  made. 
There  is  not  a  man,  I  venture  to  say,  working  in  the  large  sewer 
pipe  manufactories  of  the  country,  wdiere  this  inspection  is  car- 
ried on,  who  does  not  understand  what  it  means  when  he  is  per- 
forming his  part  of  the  labor;  that  that  pipe  has  got  to  go  through 
a  rigid  inspection,  and  the  man  for  whom  he  is  working  will  be 
the  loser  if  that  pipe  does  not  pass  the  inspection,  and  in  that 
respect  it  has  done  a  great  deal  toward  affecting  the  quality  of 
the  sewer  pipe  put  upon  the  market  to-day. 

In  regard  to  the  testing  of  pipe,  Mr.  Barbour's  paper  to-night 
is  certainly  very  interesting,  and,  from  a  scientific  point  of  view, 
is  the  first  time  I  have  had  the  matter  called  to  my  attention; 
but  it  is  not  the  first  time  the  manufacturer  has  had  it  tested 
underground,  and  sometimes  it  has  not  been  just  as  he  v/ould  like 
to  have  it.  I  have  found,  however,  in  a  great  many  of  those 
cases — I  will  not  say  always — what  was  lacking  was  an  engineer. 
To  illustrate:  My  attention  was  called  to  some  pipe  that  had 
failed.  I  visited  that  place  to  see  what  was  the  trouble.  I  found 
the  trench  had  been  dug  and  had  continually  caved  itntil,  when 
they  had  the  trench  large  enough  for  24-inch  pipe,  it  was  some 
10  feet  wide  at  the  top.  They  had  put  the  hose  on  and  had 
flooded  the  whole  body.  It  is  not  necessary  for  me  to  tell  you 
what  weight  must  have  been  there  after  the  water  had  run  on  it 
all  day  and  all  night. 

Another  case  where  I  called  attention  to  the  party  laying 
pipe,  claiming  that  they  were  not  back-filling  as  they  should  do, 
I  was  informed  that  they  proposed  to  do  it  with  a  steam  roller, 
and  they  did  it,  and  the  result  was  that  the  pipe  did  not  stand 
the  test. 

The  failure  of  the  pipe  is  not  always  the  fault  of  the  pipe. 
Sometimes  a  failure  occurs  under  the  care  of  the  engineer,  but 
most  of  the  cases  are  such  as  I  have  spoken  to  you  about  to-night. 

Another  point,  which  Mr.  Baldwin  has  answered  as  well  as 
I  could  possibly  answer,  is  in  regard  to  the  burner.  In  the  olden 
times  it  was  customary  to  have  one  burner,  and  what  Mr.  Barbour 
17 
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stated  to  you  is  practically  true — that  the  kilns  were  usually  in 
the  hands  of  an  autocrat,  whose  knowledge  of  the  art  was  his 
capital,  which  he  carefully  kept  to  himself,  and  if  he  were  taken 
sick  it  was  necessary  to  shut  down  until  he  got  well.  Bvit  it  is 
not  the  fact  to-day.  I  think  any  large  sewer  pipe  manufacturer 
would  hardly  dare  be  caught  with  one  burner  on  hand.  It  is  not 
an  uncommon  thing  to  have  quite  a  number  of  men  about  the 
works  that  can  burn  a  kiln  and  finish  successfully. 

The  point  was  raised  in  regard  to  regulating  the  fire  in  the 
kiln  other  than  by  the  eye  and  judgment  of  the  burner.  There 
are  some  questions  arise  that  might  possibly  make  it  dif^cult  to 
do  that.  You  have  all  visited  the  sewer  pipe  works  and  seen  the 
large  kilns.  The  drafts  are  not  always  alike.  The  kiln  will  get 
hotter  on  one  side  than  on  the  other,  and  it  is  the  eye  of  the 
burner  that  generally  regulates  that  by  careful  watching,  repeat- 
edly opening  the  kiln  and  slacking  the  fire.  I  am  not  sure,  how- 
ever, but  that  something  of  that  kind  will  come  about,  but  it  does 
not  seem  to  me,  at  this  moment,  as  though  it  was  hardly  prac- 
ticable. 

In  regard  to  the  strength  of  pipes  and  sockets,  Mr.  Snow  has 
stated  to  you  the  experience  of  manufacturers  of  socket  pipe.  A 
few  years  ago,  Mr.  Tidd  called  my  attention  to  the  matter  of  deep 
socket  pipes,  asking  me  if  it  were  possible  to  make  it,  and  I  said 
that  we  were  willing  to  try  it  and  see  if  it  was  not  practicable  to 
make  it.  We  had  dies  made,  and  found  we  could  make  it  suc- 
cessfully, but  it  is  a  dif^cult  i)ipe  to  make.  We  have  explained 
that  to  many  of  you  who  have  visited  our  works,  and  no  doubt 
the  Western  manufacturers  have  explained  it.  It  is  a  great  deal 
more  difficult  than  it  would  seem,  but  I  never  regretted  having 
made  deep  and  wide  socket  pipe.  Before  our  friends  in  the  West 
were  willing  to  take  up  the  manufacture  of  that  pipe  we  made 
((uite  a  good  many  miles  of  it,  and  furnished  it  to  the  New  Eng- 
land cities,  and  are  willing  to  be  given  an  opportunity  to  continue 
the  work.  The  question  arose  about  the  time  we  were  well  under 
way.  (We  had  a  combination — you  all  know  what  that  is — but 
we  have  not  got  it  now.)  Wc  had  a  combination,  and  there  was 
one  of  our  New  England  cities  that  advertised  for  deep  and  wide 
socket  pipe.  Then  the  question  arose  with  the  manufacturers  of 
sewer  pipe,  as  there  was  no  regulation  as  to  what  the  depth  and 
cement  space  in  the  standard  pipes  should  be,  \Vhat  constituted 
a  deep  and  wide  socket  pipe?  They  commenced  then  to  make 
a  standard  pipe  that  was  about  half-way  between  the  deep  and 
wide  socket  and  the  old  standard  pipe.  That  is  the  pipe  that  is 
being  manufactured  by  most  of  the  pipe  manufacturers  to-day. 
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Mr.  Barl)()ur  touched  upon  the  question  of  the  price  of 
double-strenglli  pipe.  1  shall  have  to  differ  with  Mr.  Barbour 
there.  1  do  not  think  the  price  is  too  hii^h  in  proportion  to  the 
standard.  The  standard  is  not  high  enough,  and  the  double- 
strength  pipe  is  not  a  very  easy  pipe  to  make.  It  would  take 
some  time,  and  I  would  rather  explain  that  to  you  personally,  the 
difficulty  in  making  a  double-strength  pipe.  There  does  not 
appear  to  be  any  great  difference  between  the  standard  and  the 
double-strength  pipe  that  would  cause  any  inconvenience  to  the 
manufacturer,  but  it  exists.  We  manufacture  and  sell  all  our  pipe 
in  Xew  England,  and  we  are  catering  to  the  needs  of  the  New 
England  trade.  We  are  only  too  pleased  to  make  and  furnish 
double-strength  pipe,  but  the  price  is  not  too  high. 

There  are,  as  I  said,  other  points  in  the  paper  which  I  might 
touch  u])on.  A\'hat  you  people  are  aiming  after  is  the  improve- 
ment, if  possible,  of  the  sewer  pipe  which  you  people  have  to 
have  to  construct  your  sewers.  I  want  to  impress  upon  your 
minds  that  if  it  was  really  necessary  to  make  a  change  to  meet 
the  views  of  the  engineers  in  regard  to  the  pipe,  I  do  not  know 
but  what  we  should  have  to  do  it ;  but  it  is  a  large  expense  when 
you  take  the  dies  only.  It  means  not  $100  only,  but  a  good  many 
hundred  dollars,  to  discard  the  dies  and  make  any  radical  change 
in  the  shape  of  the  socket. 

Mr.  President,  I  have  occupied,  I  have  no  doubt,  more  time 
than  should  be  allowed  me,  but  I  do  want  to  say  this:  It  is  a 
great  pleasure  and  privilege  you  have  given  me  to  come  and  meet 
so  many  of  the  engineers  of  New  England,  and  if  it  is  ever  conve- 
nient for  you  to  do  so,  I  want  to  state  to  you  that  our  works  are 
always  open  to  your  inspection,  and  any  suggestions  that  come 
from  the  engineers,  I  assure  you,  are  appreciated  by  our  com- 
pany, and  we  extend  to  you  all  a  cordial  welcome  to  our  works 
whenever  you  may  find  an  opportunity  to  make  it  convenient  to 
visit  us. 

Mr.  ;B.  W.  Robinson,  of  Akron,  Ohio. — I  thank  you  kindly 
for  the  invitation  to  speak  to  you,  but  I  do  not  know  that  I  could 
add  much  to  what  has  been  said.  I  have  been  very  much  inter- 
ested in  the  paper  read,  and,  as  has  been  said,  we  manufacturers 
want  to  keep  in  touch  with  the  engineers  and  make  the  pipe  best 
suited  for  the  purposes  for  which  it  is  used.  The  experiments  of 
Mr.  Snow  in  the  line  of  deep  and  wide  sockets  are  very  important, 
as  it  has  been  the  opinion  of  the  manufacturers  that  that  idea  was 
a  fallacy  and  practice  would  prove  it  undesirable.  Deep  socket 
pipe  has  given  the  manufacturers  more  annoyance  than  any  other 


228  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

idea  that  has  come  up.  One  engineer  would  specify  3-incli 
sockets,  and  another  engineer  would  go  i-inch  better,  and  another 
would  perhaps  specify  4-inch,  thinking  it  was  a  good  thing,  and 
he  would  have  more  of  it.  Each  specification  requires  a  new  set 
of  dies  throughout,  which  cost  from  $500  upward,  and  you  can 
readily  see  that  our  shop  would  soon  be  filled  with  expensive  dies 
and  our  stock  of  pipe  would  contain  sockets  of  various  depths.  1 
think  these  experiments  should  not  be  lost  sight  of,  and  that  we 
should  derive  some  good  from  them  by  uniting  on  specifications 
which  would  be  acceptable  to  both  engineers  and  manufacturers 
as  standard,  it  seems  to  me  that  it  would  be  mutually  profitable 
if  the  engineers  and  manufacturers  would  cultivate  a  closer  rela- 
tionship by  more  frequent  meetings  and  exchange  of  ideas  on  the 
subjects  in  which  we  are  each  interested.  1  thank  the  Society  for 
the  opportunit}  it  has  given  me  of  listening  to  the  remarks  this 
evening. 

Mr.  E.  M.  Buel,  of  the  National  Sewer  Pipe  Company, 
Barberton,  Ohio. — I  came  here  to-night  prepared  to  make  a  very 
good  speech  and  to  instruct  you  in  the  manufacture  of  sewer 
pipe,  but,  being  the  last  one  called  upon,  I  am  very  sorry  to  say 
that  my  friends  and  competitors  have  taken  all  my  speech  and 
left  me  nothing  to  say. 

The  manufacture  of  double-strength  pipe  has  not  been 
touched  upon  very  thoroughly.  Mr.  Winslow  spoke  of  it  as  being 
difficult  to  make.  There  is  no  question  but  what  he  is  right. 
Double-strength  pipe,  in  the  first  place,  must  be  thoroughly  dry 
before  it  is  placed  in  the  kilns,  and  even  then  it  must  be  burned 
very  slowly  and  evenly.  I  think  we  might  liken  the  burning 
(or  baking",  as  it  ought  to  be  more  properly  called)  of  sewer  pipe 
to  the  baking  of  bread,  ^'ou  can  put  it  into  the  kilns  and  bake 
it  hurriedly;  the  outside  will  be  burned  to  a  crisp  and  the  inside 
will  be  dough.  I  think  very  likely  that  the  pipe  of  which  Mr. 
Barl:)Our  speaks  was,  in  the  first  place,  ])Ut  in  the  kiln  before  it 
was  thoroughly  dried,  and,  in  the  second  place,  was  not  thoroughly 
or  properly  balced. 

You  are  all  aware  tliat  24-inch  double-strength  pipe  should  be 
2  inches  thick,  but  some  engineers  are  calling  for  this  pipe  if 
inches  thick.  We  are  now  supplying  a  large  contract  for  pipe  of 
that  thickness.  Some  engineers  call  for  a  pipe  with  a  socket  3 
inches  deep,  some  3.]  inches  deep,  some  2|  inches,  and  so  on,  also 
calling  for  different  thicknesses.  As  this  question  is  one  of  vital 
importance  to  the  manufacturer,  T  deem  it  of  much  importance 
that  the  engineers  agree  upon  a  certain  standard,  and,  of  course. 
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it  woukl  be  advisable  if  they  could  agree  upon  a  standard  that  will 
not  require  dies  different  from  some  that  we  now  have.  Of 
course,  every  factory  is  making,  and  has  been  making,  pipe  of  so 
many  different  stales  of  st^ckets  and  so  many  thicknesses  that 
they  have  got  a  varied  assortment  on  hand.  The  matter  of  dies 
is  an  important  one,  as  it  takes  considerable  money  to  equip  a 
factory  with  various  dies  necessary  for  the  manufacture  of  different 
kinds  of  pipe. 

The  Western  engineers  are  copying  after  their  Eastern 
brethren  to  a  certain  extent,  and  what  the  Eastern  engineers 
adopt  the  Western  engineers,  sooner  or  later,  adopt.  If  you, 
gentlemen,  could  adopt  Mr.  Barbour's  suggestion  and  settle  on 
certain  specifications,  it  would  soon  be  done  throughout  the 
countr\ ,  and  the  manufacturers  could  discard  many  of  their  old 
dies  and  make  pipe  of  one  length,  one  thickness  and  one  depth 
of  socket.  In  this  way  we  could  carry  more  of  a  stock  of  the 
different  sizes  on  hand,  and  it  would  benefit  the  trade  as  well  as 
the  manufactm-er,  as  at  present  there  are  so  many  different  speci- 
fications out  that  to  carry  a  sufficient  stock  of  each  kind  would 
entail  the  tying  up  of  too  much  capital.  As  far  as  our  factory  is 
concerned,  we  are  at  all  times  ready  and  willing  to  make  any  pipe 
that  the  engineers  want,  but  pardon  me  if  I  suggest  that  I  think 
the  engineers  should  give  tis  some  little  encouragement  and  some 
little  protection.  You  want  the  best  pipe  that  is  made,  and  if  a 
few  of  us  go  to  the  trouble  to  perfect  our  mode  of  manufacture 
and  the  expense  of  obtaining  new  dies  for  you,  do  you  not  think 
it  but  just  and  fair  that  we  be  allowed  a  little  more  money  for  our 
pipe,  so  that  we  can  use  more  pains  and  inspect  our  pipe  closer? 
If  yoti  could  shut  off  some  of  the  manufacturers  whose  pipe  you 
would  not  use  any  way  from  coming  in  and  knocking  down  our 
prices,  we  believe  we  could  see  our  way  clear  to  giving  you  better 
goods  than  we  are  now  attempting  to  give  you.  I  beg  to  state 
that  our  factory  is  open  to  the  inspection  of  engineers  at  all  times, 
and  we  should  be  pleased  to  see  each  and  every  one  of  you  there. 
I  beg  to  thank  you  for  your  attention  and  for  the  ])rivilege  of 
addressing  you. 

Mr.  Freeman  C.  Coffin.- — I  have  found  Mr.  Barbour's 
paper  very  interesting.  The  experiments  seem  to  have  been  very 
carefully  made  and  clearly  described.  They  will  undoubtedly  prove 
a  valuable  addition  to  our  knowledge  of  this  subject.  One  of 
his  conclusions,  however,  does  not  appear  to  mc  to  be  sustained 
by  the  experiments. 

In  speaking  of  the  effect  of  the  sheeting  at  the  ends  of  his 
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experinienlal  Ircnch,  j\Ir.  Harbour  said:  '"As  no  ranges  or  braces 
were  used  on  the  inside  of  the  end  sheeting,  the  recorded  pres- 
sures must  in  every  case  be  higher  than  those  in  a  continuous 
trench,  antl  therefore  on  the  side  of  safety."  In  the  third  experi- 
ment descriljed,  or  the  one  having  the  sides  sheeted  vertically 
and  smooth  on  the  inside,  the  percentage  of  pressure  on  the  plat- 
form was  from  68.6  per  cent,  with  i  foot  of  filling  to  44.4  per  cent, 
with  8.8  feet.  This  shows  that  the  friction  on  smooth  vertical 
sheeting  reduces  the  pressure.  In  a  continuous  trench  there 
would  be  no  friction  of  end  sections,  and  each  pipe  or  section 
of  piping  would  receive  the  pressttre  of  the  earth  above  it,  undimin- 
ished by  end  friction,  but  diminished  by  the  friction  on  the  sides. 

In  the  third  experiment,  where  the  trench  was  sheeted  on 
sides  and  ends,  if  this  sheeting  just  inclosed  the  platform,  or  a 
space  5  feet  2  inches  by  3  feet  3  inches,  as  seemed  to  be  the  case, 
the  area  of  the  side  sheeting  wotild  be  to  that  of  end  sheeting  in 
the  ratio  of  about  1.6  to  i.  If  the  effect  of  the  side  and  end 
sheeting  were  equal  for  equal  areas,  of  the  total  reduction  of  pres- 
sure, found  by  the  experiments,  of  31.4  per  cent,  to  55.6  per  cent., 
the  side  sheeting  would  l)e  responsible  for  from  19.3  per  cent,  to 
34.2  per  cent,  and  the  end  sheeting  from  12.1  per  cent,  to  21.4 
per  cent.,  or  the  pressure  in  a  continuous  trench  would  be  greater 
l)y  the  amount  due  to  the  end  sheeting,  or  from  12  per  cent,  to 
21  per  cent,  greater  than  those  fotmd  in  the  experiments. 

While  this  may  be  a  wrong  interpretation  of  the  experiments, 
it  is  probably  true  that  the  friction  on  the  end  sheeting  must  have 
materially  modified  the  pressures,  and  that  those  in  the  actual 
trench  would  be  a  greater  percentage  of  the  superimposed  load. 

Mr.  Snow  and  Mr.  Barnes  have  referred  to  the  deep  and  wide 
socket  pipe,  and  both  implied  that,  on  the  whole,  there  was  no 
advantage  to  be  derived  from  the  use  of  such  pipe.  They  referred, 
I  believe,  to  the  experiments  and  pa]:)er  of  Air.  Barl)our  as  sup- 
I)orting"  this  conclfision. 

As  I  understand  the  paper,  the  results  of  his  experiments  and 
his  conclusions  are  decidedl\-  in  favor  of  the  deep  and  wide  socket 
pipe.  I  do  not  know  just  what  dimensions  are  meant  by  Messrs. 
Snow  and  Barnes  when  they  refer  to  standard  and  deep  socket 
pipe.  Seven  or  eight  years  ago,  when  Mr.  M.  M.  Tidd  first  sug- 
gested deeper  and  wider  sockets,  the  standard  and  only  pipe  an 
engineer  could  get  for  sewers  had  sockets  that  were  about  i^ 
inches  deep  and  j  inch  wide.  This  often  resulted  in  a  cement 
space  not  over  -J^  inch  thick.  Practically  entire  dependence  was 
placed  upon  overfilling,  with  almost  the  whole  of  the  cement  out- 
side of  the  joint  proper. 
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Air.   Tidd   (lc>iL;necl   a   socket,   the   dimensions   of   wliich   are 
given  in  the  following"  table: 
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As  there  was  no  theoretical  basis  from  which  to  proceed  in 
designing  these  joints,  and  no  experimental  data  upon  which  to 
form  a  theory,  it  wonld  be  remarkable,  indeed,  if  these  dimen- 
sions should  prove  to  be  exactly  the  most  desirable. 

It  should  be  noted,  however,  that  the  so-called  standard 
sockets  of  to-day  approximate  to  the  above  table  more  nearly 
than  to  the  sockets  of  i8qo.  Mr.  Tidd's  suggestion  has,  I  be- 
lieve, accomplished  this  result. 

From  a  careful  reading  of  Mr.  Barbour's  description  of  the 
experiments  on  cement  joints,  and  from  his  conclusions,  I  believe 
the  following  may  be  gathered: 

Tight  joints  can  be  made  with  rather  dry  mortar,  carefully 
rammed  into  joints  deep  and  wide  enough  to  admit  of  such  ram- 
ming. 

In  joints  as  usually  made  in  the  trench  the  mortar  is  com- 
pacted only  in  the  outer  ^  inch  sut^iciently  to  resist  percolation 
of  water  under  a  small  head. 

In  such  joints  overfilling  is  desirable,  and  will  reduce  the 
leakage  very  largely. 

No  socket  should  have  less  than  ^  inch  of  cement  space. 

In  overfilled  joints  as  usually  made  the  shallow  joint  is  as 
tight  as  the  deeper  one,  but  the  latter  will  better  resist  the  move- 
ment of  the  pipe  before  the  joint  is  set. 

The  exact  depth  of  the  socket  is  a  matter  of  judgment. 

With  the  above  I  entirely  agree.  I  strongly  believe,  however, 
that  the  necessary  care  should  be  taken  to  ram  the  cement  into 
the  joint  itself  rather  than  to  depend  upon  overfilling,  as  there  is 
great  danger  that  the  cement  outside  of  the  joint  will  separate 
slightlv  from  the  pipe  and  leave  an  open  crack  directly  through 
the  joint. 

I  have  recently  made  a  few  joints  by  putting  in  the  cement 
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and  then  ranniiing"  a  gasket  into  the  outer  end  of  the  joint.  A 
joint  is  readily  and  easily  made  in  this  way:  After  the  pipe  is 
in  position,  put  sufficient  mortar  in  the  joint  at  the  bottom  of  the 
pipe  to  nearly  fill  it.  Place  the  gasket  in  at  this  point  and  ram 
it  in  flush  with  the  face  of  the  bell;  then  fill  the  joint  with  cement, 
from  the  bottom  toward  the  top,  bringing  the  gasket  into  place 
and  ranmiing  it  flush  with  the  bell,  or  perhaps  a  little  further  in, 
until  finally  it  is  brought  up  and  twisted  together  at  the  top  and 
well  ranmied  home.  Mortar  of  almost  any  consistency  can  be 
used  in  this  method.  I  found  that  it  was  easier  to  manipulate 
when  about  as  wet  as  would  naturally  be  used  for  overfilling 
joints.  If  there  is  an  excess  of  water,  the  gasket  will  absorb  it 
and  will  hold  the  mortar  in  place.  These  joints  were  broken 
apart  and  found  to  be  perfectly  filled.  They  were  made  with 
the  pipe  lying  on  its  side,  as  in  a  trench.  After  the  pipe  was  in 
position  and  the  mortar  mixed,  it  required  from  five  to  six  min- 
utes to  make  a  6-inch  joint. 

This  is  certainly  the  best  method  that  I  have  ever  tried  of 
making  a  sewer  joint.  Tliere  is  very  little  waste  of  cement. 
The  gasket  will  prevent  the  water  from  washing  out  the  cement, 
and  greatly  strengthen  the  joint  against  movement  before  the 
cement  is  set. 

For  joints  made  in  this  way  1  believe  that  h  inch  is  the  best 
width.  The  depth  of  the  socket  should  be  about  2^  inches  for 
6  to  12-inch  pipe  and  3  inches  for  larger  sizes. 

I  believe  that,  in  justice  to  the  manufacturers  and  for  the 
interest  of  their  own  clients,  engineers  should  agree  upon  a  table 
of  dimensions.  It  would  be  still  more  desirable  that  this  table 
be  the  standard  and  only  table.  Some  compromise  of  individual 
opinion  would  be  necessary. 

I  believe  with  Mr.  Barbour  that  }i  inch  should  be  the  mini- 
mum of  width.  The  matter  of  depth  is  not  so  important.  It  is 
l)robable  that  some  depth  between  2  and  3  inches  would  make  a 
satisfactory  socket. 

Mr.  (jiccjrge  C.  Dunne. — In  order  that  there  may  be  no 
misunderstanding  in  regard  to  the  cement  joint  in  the  standard 
and  deep  and  zvide  socket  pipes,  it  should  be  remembered  that,  a 
few  years  ago,  the  standard  pi]>c  allowed  only  from  J-inch  to 
4-inch  cement  joint,  and  this  was  all  that  was  required  by  engi- 
neers' specifications. 

When  the  late  Mr.  Tidd  made  the  drawings  for  deep  and  zvide 
socket  pipe  for  the  Portland  Stone  Ware  Company,  he  called  for 
|-inch  cement  joint  on  all  sizes  from  6  inches  to  24  inches,  in- 
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elusive.  Since  then  the  manufacturers  have  agreed  to  change 
the  depth  of  sockets  and  cement  joint  on  the  standard  pipe,  so  that 
it  is  now  f  inch  on  all  sizes  from  2  inches  to  10  inches,  inclusive, 
and  4  inch  on  the  sizes  from  12  inches  to  24  inches,  inclusive. 

If  I  clearly  understand  Mr.  .Barbour's  interesting  address, 
he  believes  that  it  is  necessary  to  have  a  cement  joint  of  ^  inch 
on  all  sizes  up  to  12  inches,  and  §  inch  on  all  the  larger  sizes. 
The  present  standard  pipe  does  not  meet  these  specifications,  but 
the  deep  and  zvide  socket  pipe  does. 

Mr.  H.  p.  Eddy,  Superintendent  of  Sewers,  Worcester, 
Mass. — One  of  your  members  kindly  forwarded  me  an  advance 
copy  of  this  paper.  I  have  taken  a  great  deal  of  interest  in  the 
matter,  not  only  since  I  received  the  copy,  but  while  the  experi- 
ments were  being  performed. 

Worcester  is  still  using  large  quantities  of  cement  sewer  pipe, 
together  with  some  of  the  glazed  pipe,  and  I  was  very  much  inter- 
ested to  find  out  the  strength  of  the  cement  pipe,  in  comparison 
with  that  of  the  glazed.  Consequently,  I  asked  Mr.  Snow  to 
make  us  a  few  tests,  which  he  very  kindly  did.  I  found  that  an 
8-inch  vitrified  pipe  was  about  18  per  cent,  stronger  than  the 
cement  pipe;  the  lo-inch,  about  20  per  cent.;  the  12-inch,  about 
25  per  cent.,  and  the  15-inch,  30  per  cent.,  while  in  our  oval  sizes 
we  found  that  the  i4-inch-by-i8-inch  gave  us  2792  pounds  as  the 
breaking  load  per  square  foot;  the  i2-inch-by-i8-inch,  2750 
pounds,  and  the  i2^-inch-by-i5-inch,  2033  pounds.  The  tests 
are  of  interest  in  comparing  the  strength  of  the  cement  with  that 
of  the  vitrified  pipe. 

One  point  which  I  am  rather  surprised  to  find  comes  out  as 
it  does  in  the  experiments — and  I  am  not  quite  reconciled  to  it, 
either — is  that  the  breaking  load,  or  rather  what  was  termed  the 
net  pressure  in  Table  6,  should  increase  from  the  depth  of  6  feet, 
which  appears  to  be  the  minimum.  Take,  for  instance,  colvunn  3: 
the  net  pressure  of  the  earth  and  the  steam  roller  per  square  foot 
is  2080  pounds  at  i  foot  in  depth;  at  6  feet,  1300  pounds;  while 
from  6  feet  to  20  feet  there  seems  to  be  a  nearly  uniform  increase. 
It  would  seem  to  me  that  if  the  experiments  had  been  carried  on 
a  little  further  and  a  little  deeper  than  they  were  the  curves  shown 
in  Fig.  3  would  have  run  down  beyond  a  fixed  point,  or  at  least 
they  would  have  been  simply  horizontal  lines  parallel  with  each 
other.  I  am  very  much  surprised  at  the  increase  of  pressure 
beyond  the  depth  of  6  or  8  feet.  My  own  experience  is  that 
sewer  pipes  break  nine  times  out  of  ten  in  shallow  trenches,  and 
not  in  the  deeper  ones.     This  is  true  not  only  of  pipe  sewers,  but 
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of  l)rick  sewers  as  well.  Portions  of  one  line  of  sewer  which 
would  be  6,  7  and  8  feet  deep  would  be  cracked,  while  the  same 
pipe  laid  further  along  9,  10,  12  feet  deep,  or  even  deeper,  would 
be  in  good  condition,  and  I  always  believed  it  was  on  account  of 
the  extreme  pressure  put  on  the  pipe  due  to  the  lack  of  protectiou 
from  the  small  amount  of  material  above  the  pipe. 

There  is  one  other  point  that  1  want  to  allude  to,  because  I 
think  that  one  of  your  members,  Mr.  Barnes,  of  Aledford,  has 
rendered  a  valuable  service  in  suggesting  the  winding  of  the  pipe 
joints  with  cloth.  I  think  I  am  right  in  the  source  of  the  sugges- 
tion. The  statement  has  been  made  several  times  to-night  that 
difficulty  is  experienced  with  the  cement  dropping  down  or  being 
knocked  away  from  the  joints  before  setting,  and  doubtless  the 
cement  shrinks  away  from  the  pipe  before  and  during  setting. 
The  winding  of  the  joints  with  strips  of  cloth  immediately  after 
filling  with  mortar  I  have  tried  and  found  very  successful. 

I  was  also  very  much  surprised  to  find  that  joints  made  of 
Portland  cement,  after  setting  18  hours,  leaked  more  than  joints 
made  of  Rosendale  cement  which  had  set  an  equal  length  of  time. 
It  would  be  interesting  to  know  ■'the  brand  of  Portland  cement 
used. 

My  experience  in  making  joints  is  that  the  sand  mortar  is 
very  much  better  than  neat  cement,  because  there  is  much  less 
shrinkage.  I  think  that  with  neat  cement  there  will  probably 
be  a  shrinking  away  from  the  pipes  before  the  cement  is  thor- 
oughly set,  thus  greatly  increasing  the  leakage. 

Mr.  Barbour. — Column  4  of  Table  6  was  not  obtained  by 
experiments.  It  is  merely  the  result  of  calculations.  The  brand 
of  Portland  cement  used  was  Alsen. 

Mr.  Frederick  \V.  ]*"ARXirAM  (by  letter). — During  the 
])eriod  from  1850  to  1870,  the  lateral  sewers  and  a  few  of  the  trunk 
sewers  in  the  city  of  Lowell  were  laid  with  cement  pipe,  most  of 
which  was  made  in  the  city. 

From  1870  up  to  and  including  the  present  year,  salt-glazed 
clay  i)ipe  or  vitrified  sewer  pipe  has  been  used  in  the  ])uilding  of 
all  sewers  which  are  of  pipe,  and  all  sizes  and  many  dififerent 
makes  have  been  used,  including  Scotch  pipe  (imported),  Port- 
land and  a  half-dozen  different  brands  of  Akron  pipe.  These 
pipes  have  been  laid  at  depths  from  4  to  24  feet,  in  every  kind  of 
soil  and  under  every  circumstance  that  could  possibly  arise  in  a 
large  city,  and  until  1895  all  have  been  satisfactory. 

In  1895,  trouble  was  experienced  in  certain  parts  of  the  city, 
especially  after  showers,  when  the  sewers  would  not  carry  away 
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the  water  delivered  into  them  from  the  street  catch  basins. 
Knowing  full  well  that  the  sizes  and  grades  were  such  as  would 
warrant  the  carrying  off  of  all  surface  water  that  might  fall  upon 
certain  areas,  an  investigation  of  the  sewers  which  gave  trouble 
revealed  the  fact  that  a  12 -inch  ring  pipe  sewer,  built  in  1878,  and 
a  15-inch  bell  pipe  sewer,  built  in  1878,  had,  although  carefullv 
laid  by  experienced  city  men  in  the  first  case  and  by  a  contractor 
in  the  second  case,  l)ecame  so  filled  with  tree  roots  as  to  reduce 
the  carrying  capacity  of  said  sewers  to  that  of  a  2-inch  pipe.  I 
am  of  the  opinion  that  a  ring  pipe  and  an  ordinary  bell  pipe  can 
only  with  great  difficulty  and  exceeding  care,  under  most  favor- 
able circumstances,  be  so  laid  as  to  exclude  tree  roots,  and  one 
single  spray  of  root  having  gained  an  entrance  into  the  sewer,  it 
is  only  a  question  of  a  short  time  when  the  sewer  becomes  clogged 
and  of  no  use.  Such  has  been  the  case  in  Lowell,  and,  after 
mature  deliberation  and  consultation,  City  Engineer  Bowers  de- 
cided to  rebuild  the  before-mentioned  sewers  with  deep  socket 
pipe,  laid  with  a  gasket  joint;  the  joint  composed  of,  first,  a  layer 
of  cement,  then  oakum  and  again  cement,  the  whole  made  water- 
tight; and,  in  fact,  during  the  present  year  nothing  but  deep 
socket  pipe  has  been  used,  in  sizes  above  10  inches,  and  9188  feet 
of  12,  15,  18  and  24-inch  pipe  have  been  laid.  At  the  time 
of  writing  there  is  being  constructed  several  sewers  in  close 
proximity  to  the  City  Water  Works  conduit,  which  is  of  brick 
and  from  20  to  40  feet  below^  the  surface  of  the  ground.  It  is 
imperative  to  save  the  conduit  harmless  from  contamination  by 
sewage,  and,  as  the  country  now^  being  sewered  is  a  thickly  set- 
tled portion  of  our  city,  extra  care  has  been  necessary  in  building 
sewers.  To  that  end  we  have  used  exclusively  extra  heavy  deep 
socket  pipe,  laid  with  a  gasket  joint,  as  before  mentioned,  and 
the  sew^ers  are  being  laid  at  a  depth  of  from  9  to  24  feet,  and  we 
feel  absolutely  certain  that  we  are  safe,  not  alone  from  leakage 
and  infiltration,  but  also  from  breakage  of  440  feet  of  18-inch 
deep  socket,  double-thick  pipe,  laid  24  feet  deep  in  sand  excava- 
tion over  and  across  said  water  works  conduit. 

With  these  few  thoughts  and  observations  favoring  deep 
socket  pipe,  I  will  speak  of  pressures  that  have  come  under  my 
observation. 

Of  the  50  miles  of  pipe  sewers  in  the  city  of  Lowell,  in  sizes 
from  6  to  24  inches  and  from  18  inches  to  24  feet  in  depth,  prac- 
tically every  one  has  been  subjected  to  pressure  from  a  15-ton 
road  roller,  as  well  as  the  constant  traffic  of  heavy  corporation 
teaming,  also  electric  and  steam  cars,  and  the  first  broken  sewer 


236  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

pipe  has  yet  to  be  found  in  the  city  of  Loweh.  Let  me  particu- 
larize: In  1892,  the  Lowell  and  Suburban  Street  Railway  Com- 
pany erected  in  the  western  part  of  our  city  a  very  large  power- 
house and  car  sheds,  built  with  brick  on  an  extra  heavy  granite 
foundation,  all  of  which  granite  was  teamed  into  Lowell  from 
Chelmsford  or  Graniteville,  and  at  the  time  the  street  railway  plant 
was  in  process  of  building  a  main  sewer  was  being  constructed 
in  the  street  through  which  all  the  teaming  was  done.  At  a  cer- 
tain place  in  the  street  two  15-inch  Portland  pipes  were  excavated 
at  a  depth  of  18  inches  from  the  surface,  these  15-inch  pipes  being 
a  part  of  a  culvert  which  had  previously  been  laid  across  the  street, 
and  it  is  a  fact  that  the  two  pipes  excavated  were  not  even  cracked, 
although  the  average  weight  per  load  of  stone  teamed  over  them 
must  have  been  two  tons.  Since  the  finding  of  said  pipes  at  said 
depth,  and  subjected  to  the  practical  test  referred  to,  we  have 
never  doubted  the  utility  of  laying  vitrified  sewer  pipe,  and  at 
almost  any  depth.  Further,  let  me  say  that  at  depths  from  9  to 
40  feet,  all  over  the  city  of  Lowell,  is  found  a  strata  of  marl,  very 
fine,  and  when  mixed  with  water  it  forms  a  quicksand  difBcult 
to  handle,  and  many  times,  in  lading  sewer  pipe  in  this  quicksand, 
we  have  excavated  a  few  inches  below  grade  and  filled  in  with 
cinders,  upon  which  pipes  were  laid,  and  never  have  we  experi- 
enced trouble  in  so  doing.  Again,  when  in  said  quicksand  and 
unable  to  get  cinders,  we  have  laid  a  piece  of  2-inch  plank,  6  or 
8  inches  wide  and  2  feet  long,  across  the  trench,  and  laid  pipes 
upon  such  ties  wath  satisfactory  results.  I  venture  to  atifirm  that 
in  certain  sections  of  our  city  conditions  have  existed  as  difficult 
to  combat  as  are  possible,  and  they  have  been  met  with  never  a 
break  or  a  slump,  with  one  exception.  In  a  part  of  the  city 
known  to  be  the  very  worst  for  sewer  building  or  excavation  of 
any  nature  a  12-inch  pipe  sewer  was  to  be  laid  at  a  depth  of  9^ 
feet.  Upon  a  certain  day  two  pipes  were  laid  before  leaving  the 
work  for  the  night,  and  in  the  morning  neither  pipe  could  be 
found,  not  even  with  a  bar.  At  first  we  thought  of  driving  piles 
in  the  trencli,  but  that  meant  time  and  expense,  and  we  finally 
concluded  to  use  gravel  from  a  bank  not  far  away.  Accordingly, 
teams  were  loaded  with  gravel  and  hauled  to  the  sewer,  load  after 
load,  until  nearly  100  loads  were  dumped  into  the  trench  and 
went  "out  of  sight;''  but  "there  came  a  time  one  day"  when  the 
gravel  did  not  disappear,  and  after  a  few  days'  settlement,  there 
being  no  change,  pipes  were  laid-  as  ordinarily,  and  all  has  been 
well  ever  since,  for  10  years. 

I  might  go  on  giving  illustrations  in  our  experience  to  prove^ 
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at  least  to  your  contributor,  that  salt-glazed  sewer  pipe,  as  manu- 
factured at  present,  is  practical  and  wonderfully  adapted  to  its 
principal  use,  and  that  extra  heavy  and  deep  soekct  vitrified  sewer 
pipe  fills  a  long-felt  want  with  the  city  of  Lowell. 

Mr.  William  B.  Fuller  (by  letter). — These  experiments, 
both  on  the  strength  of  sewer  pipe,  when  subject  to  pressures 
similar  to  those  sustained  wdien  in  actual  use,  and  on  the  actual 
pressure  transmitted  by  earth  refilled  into  trenches,  enter  upon 
a  field  in  which  experimental  research  has  been  much  needed, 
and  on  which  there  has  previously  been  but  little  more  than 
theoretical  information.  The  apparatus  used  serves  to  indicate 
to  other  engineers  that  very  valuable  results  may  be  obtained 
witliout  resort  to  expensive  methods,  and  each  such  successful 
adaptation  of  means  to  ends  encourages  others  to  devise  similar 
simple  apparatus,  and,  by  experimental  research  on  problems  of 
especial  interest  to  themselves,  to  add  to  the  total  of  engineering- 
knowledge,  and  thus  make  more  inexcusable  the  wastes  and  risks 
sometimes  observed  in  construction  work. 

Mr.  Barbour  says  "the  pipe  were  laid  in  the  trench  exactly 
as  in  practice."  Were  there  three  or  four  pieces  laid  and  ce- 
mented together  at  the  joints  as  in  regular  work,  and,  if  so,  how 
long  were  the  joints  allowed  to  set  before  testing?  Was  the  pres- 
sure platform  always  the  exact  length  of  pipe,  including  bell,  and 
how  was  the  bell  situated  in  relation  to  the  platform?  A  plan 
or  longitudinal  section,  showing  pipe  in  place  ready  for  breaking, 
would  make  this  point  clear. 

Mr.  Barbour  presents  a  formula,  p  =  c      ~      which,  as  he 

says,  represents  fairly  well  the  average  results  of  the  pipe  break- 
ages described  in  his  paper,  but,  as  shown  in  the  last  column  of 
Table  No.  3,  it  exceeds  the  minimum  breakages  of  some  cases 
by  over  70  per  cent.,  and  I  am  of  the  opinion  that  any  such 
formula  is  of  doubtful  value,  more  especially  as  in  this  instance 
it  takes  a  form  not  sanctioned  by  theory.  If  the  formula  was 
made  up  to  fit  the  results  given  in  either  Tables  Nos.  3  or  4.  it 
must  be  unreliable,  as  errors  have  been  made  in  the  makeup  of 
both  tables  by  averaging  the  first  powers  of  the  thicknesses  and 
the  corresponding  strengths,  and  in  Table  4  the  experimental 
strengths  given  are  averages  of  averages. 

Theory  gives   to  this  equation  the   form  fi  =    ,—  -  c  and  r, 

being  constants,  and  I  should  hesitate  to  change  this  form,  unless 
a  careful  studv  of  all  the  conditions  of  each  experiment  made  it 
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necessary.  In  looking-  over  Tal)lc  No.  2.  the  great  variation  in 
the  strength  of  individual  pieces  of  the  same  lot  is  immediately 
noticed,  such  variation  in  some  cases,  as  with  the  lo"  B,  amount- 
ing to  over  I  GO  per  cent.  Averages  of  such  widely  varying  results 
are  apt  to  be  very  misleading,  unless  the  conditions  of  each  experi- 
ment are  identical.  Theory  indicates,  for  instance,  that  the  mere 
packing  of  the  haunches  so  as  to  prevent  an  increase  in  the  hori- 
zontal diameter  of  a  pipe  under  external  vertical  pressure  increases 
its  resistance  to  cracking  more  than  lOO  per  cent.  Mere  variations 
in  tamping  alone,  therefore,  might  cause  all  the  variations  noted, 
while  the  resistance  of  the  pipe  material  remained  constant. 
Again,  the  statement  that  varying  the  amount  of  filling  over  the 
pipe  from  6  to  i8  inches  made  no  differences  in  the  pressures 
transmitted  appears  to  be  at  variance  with  the  results  of  the 
experiments  on  trench  refilling  recorded  in  the  second  part  of  the 
paper,  and  I  should  incline  to  the  belief  that  careful  observations 
would  show  that  varying  depths  of  this  filling  would  produce 
variations  in  the  recorded  pressures.  Any  variations  in  burning 
undoubtedly  give  widely  varying  moments  of  rupture,  even  in  the 
same  lots,  and  this  again  would  produce  varying  results.  ■Before 
suggesting  the  constant  in  any  formula  for  thickness,  therefore, 
I  should  consider  it  necessary  that  the  conditions — the  tamping  at 
the  haunches,  the  percentages  of  the  transmitted  pressures,  the 
modulus  of  rupture  of  the  material  of  each  pipe,  and  the  influence 
of  the  bell  of  the  pipe — should  be  carefully  ascertained  and  al- 
lowed for.  Only  until  after  these  disturbing  influences  are  taken 
into  account  can  we  hope  for  a  correct  formula  for  strength  of 
pipe,  and  I  believe  it  will  then  be  found  to  accord  closely  to  the 
indications  of  theory. 

The  results  of  the  experiments  recorded  in  the  second  portion 
of  the  paper  indicate  very  clearly  that  the  transmitted  pressures 
in  recent  refilling  follow  a  general  law;  but  the  small  number  of 
experiments  tried  would  hardly  warrant  any  general  conclusions, 
or  an  extension  of  such  conclusions  to  other  materials  or  to  the 
pressures  to  be  expected  after  the  trench  refilling  has  completed 
its  settlement,  and  it  is  to  be  hoped  that  experiments  will  be 
extended  along  these  lines. 

There  is  an  old  proverb  that  "every  tub  must  stand  on  its 
own  bottom,"  and  it  seems  to  me  that  this  must  ultimately  be 
the  case  with  earth  refilling,  and  that  the  entire  weight  of  all  earth 
vertically  above  nnist  ultimately  be  l)orne  by  the  structure  beneath. 

In  relation  to  the  use  of  concrete  around  ])ipes,  it  not  only 
makes  an  immovable  foundation,  but  if  it  is  carried  around  the 
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sides,  above  the  horizontal  diaiueter  of  tlie  ])ii)e,  in  snfficient 
quantities  it  prevents  the  spreading  of  the  hannehes,  and  thus 
more  than  doubles  the  resistance  of  the  pipe  to  cracking". 

Mr.  F.  a.  :Barp,our  (by  letter). — Mr.  Cofiin  takes  issue  with 
my  conclusion — that  the  recorded  pressures  in  a  sheeted  box  are 
probably  higher  than  those  in  a  continuous  trench.  In  this  he 
may  be  right.  Theoretically,  it  seems  reasonable  that  if  the  sides 
and  ends,  by  friction,  serve  as  abutments  to  the  arch  action  of  the 
cohesion  of  material,  then  the  ends  must  have  their  proportionate 
effect,  and  a  continuous  trench  must  result  in  a  greater  net  pres- 
sure than  an  inclosed  box. 

Something  may  be  said,  however,  in  answer  to  this  conclu- 
sion. In  the  first  place,  the  experiments  seem  to  indicate  that 
it  is  not  the  actual  friction  or  rubbing  of  the  sides  which  deter- 
mines the  net  pressure.  There  is  very  little  difference  between 
the  trenches  sheeted  and  the  trenches  unsheeted,  in  the  net  pres- 
sure transmitted  to  the  pipe. 

If  Mr.  CofTlin  is  right,  it  would  seem  that  the  net  pressure 
in  experiment  No.  5 — that  in  which  the  platform  occupies  the 
middle  third  of  the  trench — would  have  been  greater  than  i'n 
experiment  No.  2 — that  with  smooth  vertical  sheeted  sides.  Ex- 
periment No.  5  was  taken  transversely,  a  continuous  trench,  as 
compared  with  experiment  No.  2.  It  is  to  be  remembered  that 
the  machine  lost  no  water  in  these  trench  experiments,  and  there 
was  no  measurable  settlement  of  diaphragm,  when  weight  was 
on  platform. 

In  experiment  No.  5  the  bottom  of  the  trench  beyond  the 
limits  of  the  platform  settled  probably  more  than  the  platform; 
the  prism  of  earth  resting  on  the  platform  had  sides  of  newlv 
filled  earth,  also  capable  of  settlement,  and  yet  the  net  pressure 
transmitted  to  the  platform  was  4  per  cent,  less  than  in  experiment 
No.  2,  with  sheeted  sides  and  ends.  Moreover,  while  the  per- 
centage of  weight  of  stones  transmitted  through  9  feet  of  earth 
in  experiment  No.  2  was  23.5,  in  experiment  No.  5  it  was  only  19.0. 

These  were  the  grounds  of  my  conclusion  in  regard  to  the 
comparative  pressure  in  continuous  trenches,  and,  while  it  may 
not  be  right,  I  hardly  think  that  Mr.  Coffiin's  objection  can  be 
figured  out  in  the  way  he  has  done.  While  theoretically  reason- 
able, I  think  that,  practically,  the  cohesion  which  will  be  trans- 
mitted across  the  shorter  distance  to  the  sides  of  trench  will  be 
the  determining  factor,  and  while  perhaps  the  pressure  in  a 
continuous  trench  will  not  be  less  than  in  a  sheeted  box,  it  will 
not,  at  all  events,  be  as  much  greater  as  the  comparative  area  of 
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ends  and  sides  in  exi)eriment  No.  2  to  that  oi  the  sides  alone 
would  indicate. 

In  reply  to  Mr.  Fuller,  it  may  be  stated  that  no  pipes  were 
jointed  tO£:^ether  and  broken,  single  lengths  alone  being  experi- 
mented upon.  It  is  believed  that  a  bell  and  socket  joint,  properly 
made  and  thoroughly  backlilled  and  tamped,  is  stronger  than  the 
rest  of  the  pipe,  and  needs  no  experimental  proof. 

The  formula,  which  has  been  presented  rather  diffidently  as 
a  fair  expression  of  the  results  of  the  experiments,  may  not  be 
that  sanctioned  by  theory.  It,  at  all  events,  has  the  merits  of 
simplicity,  and,  considering  all  the  experimental  difficulties 
enumerated  by  Mr.  Fuller,  it  probably  comes  as  near  to  the  truth 
as  would  the  more  complicated  formula  mentioned  by  him. 

Theory  indicates  that  the  strength  is  directly  proportionate 
to  some  power  of  the  thickness  and  inversely  proportionate  to 
the  diameter.  With  this  as  a  foundation,  the  formula  presented 
has  been  made  to  express  the  result  of  the  experiments,  with  due 
allowance  for  conditions,  of  which  note  was  taken  at  the  time  of 
making  test. 

It  is  true  that  in  some  cases  the  breaking  strength  varied  lOO 
per  cent,  in  ])ipe  of  the  same  lot,  but  in  these  cases  the  departure 
from  the  average  is  usually  more  or  less  explained  by  the  notes 
taken  at  the  time,  which,  owing  to  the  necessary  space,  were  not 
published. 

Mr.  IniUer  refers  to  the  importance  of  the  tamping  of  the 
earth  over  and  around  the  pipe.  This  was  fully  realized  and 
great  care  taken.  The  same  laborer  did  all  the  work,  and  the 
same  earth  and  tools  were  used  throughout.  It  is  believed  that 
so  long  as  the  personal  ecjuation  must  enter  into  experiments  of 
this  kind  better  results,  in  this  respect,  cannot  be  obtained.  As 
to  the  value  of  the  formula,  if  it  helps  to  more  properly  proportion 
the  thickness  of  pipe  to  the  diameter  than  is  done  at  present,  it 
may  serve  as  a  basis  for  the  determination  of  standard  thicknesses, 
which,  it  is  hoped,  for  the  sake  of  the  manufacturers,  will  be 
agreed  upon  l)v  engineers.  It  should  be  accepted  until  something 
l)etter,  based  on  experiment  rather  than  theory,  proves  it  to  be 
wrong.  Colunm  3  of  Table  4,  to  which  Mr.  Eddy  has  referred, 
was  obtained  by  adding  to  the  hgures  of  colunm  2  the  net  weight 
of  steam  roller,  which,  as  indicated  by  experiments  with  the 
stones,  would  be  transmitted  to  the  various  depths. 

Mr.  Manley's  experience  in  rolling  streets  does  not  affect  the 
value  of  this  table.  A  comparison  of  the  net  pressure  as  given  in 
column  3  with  the  breaking  strength  of  the  various  pipes  shows 
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that  even  with  i  foot  fiHiii!;'  all  ])i])cs  less  than  20  inches  shoul  1 
stand,  but  with  a  very  low  factor  of  safety.  House  connection 
pipes,  6  inches  in  diameter,  at  depths  of  6  feet  would  have  a  factor 
of  safety  of  4  or  more. 

It  is  undoubtedly  true  that  many  pipes  are  cracked  that  are 
supposed  to  be  all  right.  In  luy  own  experience  an  accident  in 
one  place  led  to  a  more  critical  examination  in  other  pipe,  and 
cracks  barely  distinguishable  to  the  eye  were  found.  Had  not 
especial  interest  been  taken  in  the  subject  these  cracks  would 
probably  never  have  been  known. 

There  are  certainly  some  conditions  under  which  it  is  not 
safe  to  use  standard  pipe,  and  it  is  hoped  that  this  paper  may  serve 
as  an  aid  to  judgment  in  deciding  upon  the  danger  limit. 


18 
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A  LEVEL  OF  YE  OLDEN  TIME. 


By  Otto  von  Geldern,  Member  of  the  Technical  Society  of  the 

Pacific  Coast. 


[Read  before  the  Society,  November  5,  1897.*] 

Instruments  for  measuring  in  horizontal  and  vertical  planes 
have  been  in  use  for  many  centuries,  and,  although  the  mechanical 
construction  of  the  earlier  designs  may  appear  very  crude  to  us 
now,  when  compared  with  our  modern  instruments  of  precision,  it 
remains  a  fact  that  they  were  built  upon  correct  mathematical  or 
physical  principles,  and  it  is  astonishing  how  much  has  been 
accomplished  with  them.  The  accuracy  of  the  instrument  depends 
upon  the  man  using  it.  This  was  as  true  in  olden  times  as  it  is  to- 
day; and,  while  the  precision  of  the  instrtmient  has  been  brought 
to  a  marvelous  state  of  perfection,  we  would  find  it  pretty  difficult 
to  improve  upon  the  man  who,  say  even  two  thousand  years  ago, 
applied  his  science  to  the  solution  of  practical  geometrical  prob- 
lems of  the  day. 

Hero — about  150  years  before  our  era — was  the  author  of  a 
treatise  on  surveying,  and  the  possessor  of  an  instrument,  per- 
fected by  himself,  with  which  he  accomplished  results,  by  means  of 
laying  off  right-angles,  and  on  the  principle  of  similar  triangles, 
that  may  have  been  very  accurate  and  must  certainly  have  served 
the  purposes  for  which  they  were  intended. 

One  of  the  principal  problems  arising  then,  or  in  any  subse- 
quent century,  must  have  been  that  of  transferring  a  level  from  one 
locality  to  another.  Existing  engineering  works  of  all  ages  pro- 
claim this,  and  it  would  be  interesting  to  us  now  to  know  with  what 
precision  this  was  accomplished  and  the  nature  of  the  instrument 
with  which  it  was  done.  If  we  dwell  for  a  moment  on  the  extreme 
care  and  accuracy  with  which  a  modern  Y-level  is  built,  in  which 
every  attention  is  paid  to  the  optical  requirements,  so  that  they 
shall  harmonize  with  the  tine  mechanical  features;  and  if  we  con- 
sider with  what  painful  precision  a  glass  bubble-tube  is  ground, 
and  the  extreme  accuracy  with  which  it  may  be  made  to  operate,  it 
seems  almost  impossible  for  us,  who  are  used  to  such  instruments, 
to  conceive  how  any  one  could  have  nm  a  line  of  levels  without 
them.  And  yet  it  was  done.  It  is  certain  that  the  earlier  methods 
were  incapable  of  the  present  refinement  of  results,  but  the  artisan 

*  Manuscript  received  Nov.  23,  1897. — Secretary,  Ass'n  of  Eng.  Sees. 
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then  was  certainl}'  able  to  turn  the  results  tu  practical  use;  and 
this  is  all  we  can  achieve  to-day. 

The  plumb-line,  which  is  normal  to  a  horizontal  plane  at  the 
point  of  the  plumb;  or  a  body  of  still  water,  which  indicates  a  level 
surface,  have  always  been  the  natural  bases  to  which  levels  could 
be  referred. 

in  the  work  of  the  great  aqueducts,  the  Romans  employed  a 
rod  or  stick  about  20  feet  long,  having  at  its  extremities  two 
legs,  fastened  at  right-angles  to  it.  Crosspieces  were  attached  to 
the  rod,  upon  which  were  drawn  vertical  lines  that  were  adjusted 
to  correspond  to  plunnnets  suspended  from  the  rod.  Vitruvius 
describes  such  an  instrument,  called  the  chorobates.  Of  the  three 
known  methods  of  leveling,  either  with  the  dioptra,  the  libra 
ac|uaria  or  the  chorobates,  he  considered  the  latter  the  most 
accurate  and  preferable. 

It  is  interesting  to  read  his  suggestions  regarding  its  use.  He 
says:  *  *  *  "If  the  wind  obstructs  the  operation  of  adjusting 
the  plummets  to  the  lines  of  the  instrument,  let  a  channel  be 
cut  on  the  top  of  the  rod,  5  feet  long,  i  inch  wide  and  ^  inch 
high,  and  let  water  be  poured  into  it;  if  the  water  touch  each 
extremity  of  the  channel  equally,  it  is  known  to  be  level.  When 
the  chorobates  is  thus  adjusted  level,  the  declivity  may  be  ascer- 
'tained.  Perhaps  some  one  who  may  have  read  the  works  of 
Archimedes  will  say  that  a  true  level  cannot  be  obtained  by  means 
of  water,  because  that  author  says  that  water  is  not  level,  but  takes 
the  form  of  a  spheroid,  whose  center  is  the  same  as  that  of  the 
earth.  Whether  the  water  have  a  plane  or  spheroidal  surface,  the 
two  ends  of  the  channel  on  the  rod  right  and  left,  when  the  rod  is 
level,  will  nevertheless  sustain  an  equal  height  of  water.  If  it  be 
inclined  towards  one  side,  that  end  which  is  highest  will  not  suffer 
the  water  to  reach  the  edge  of  the  channel  on  the  rule.  Hence  it 
follows  that  though  water  poured  in  may  have  a  swelling  and 
curve  in  the  middle,  yet  its  extremities  to  the  right  and  left  will  be 
level."* 

As  it  was  manifestly  impossible  to  transfer  a  level  with  this 
instrument  to  any  considerable  distance,  it  must  have  required  a 
frequent  repetition  of  stations  in  work  where  a  certain  degree  of 
accuracy  was  called  for. 

The  principle  of  creating  a  quiet  water  surface  for  leveling 
was  applied  for  many  centuries,  the  original  form  being  improved 

*From  the  "Ten  Books  of  Marcus  Vitruvius   Pollio,"  Joseph   Gwilt's 
translation. 
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until  it  became  more  compact  and  practical,  like  the  old  water 
ualance,  which  man}-  of  us  remember  and  have  seen  in  actual  use. 
There  were  other  principles  resorted  to,  however,  one  being 
the  suspension  or  support  in  its  center  of  gravity  of  a  long  and 
heavv  bodv — like  a  metal  straightedge — wdiich,  when  thus  sus- 
jiended  or  supported,  would  lie  in  a  horizontal  plane. 

We  have  records  of  these  contrivances  that  date  back  two 
centiu-ies.  Even  at  that  time  the  level  had  become  a  measuring 
apparatus  of  considerable  refinement,  to  which  a  number  of  acces- 
sories had  been  added;  the  application  of  glass  lenses  was  not  un- 
common, although  employed  somewhat  difTerently  than  to-day. 
A  silken  thread  furnished  the  horizontal  crossbar,  which  was 
placed  in  the  focits  of  the  objective  lens  and  viewed  through  an 
eye-sight. 

In  the  records  of  the  scientific  societies,  as  far  back  as  the 
beginning  of  the  eighteenth  century,  we  meet  with  occasional 
references  to  this  subject.  It  seemed  to  be  the  evident  design  then 
to  extend  the  usefulness  of  the  level  so  that  it  might  be  made 
operative  for  long  distances  without  increasing  the  chances  of 
error,  the  object  being  to  facilitate  the  field  work  without  destroy- 
ing the  accuracy. 

It  is  the  purpose  of  these  preliminaries  to  call  attention  to  a 
memoir,  published  with  the  papers  of  the  Royal  Academy  of  Paris 
for  the  year  1704;  by  Monsieur  de  la  Hire,  an  astronomer,  a  prom- 
inent member  and  a  man  of  many  scientific  attainments.  That 
he  was  most  active  and  fertile  is  shown  by  the  fact  that  in  the 
Transactions  of  the  Academy  there  appear  many  other  papers  by 
the  same  author  on  the  most  diverse  subjects,  wherein  the  practical 
appli'^ation  of  science  appears  to  have  been  the  principal  object. 

The  memoir  refers  to  the  inxention  of  a  new  level  on  the 
principle  of  fastening  an  iron  rule  at  its  center  of  gravity  to  an 
upright  support  canting  on  its  base,  the  idea  being  that  the  rule, 
once  properly  adjusted,  will  always  lie  in  a  horizontal  plane  at  the 
instant  when  in  absolute  poise,  and  indifferent  to  tipping  towards 
either  one  side  or  the  other.  How  he  applies  this  principle  to 
render  it  practically  useftd  will  be  Ijest  seen  in  the  inventor's  de- 
scription of  it,  to  which  attention  is  now  called. 

From  the  author's  statements,  it  becomes  evident  that  tlr's 
level  did  not  remain  an  idle  invention,  but  that  he  must  have  tested 
and  proved  its  utility  in  his  work;  he  says  that  in  a  distance  of  ij 
miles  he  was  able  to  obtain  a  level  to  within  3  or  4  inches,  and  he 
adds  that  this  is  all  we  can  ho])e  for. 

In  this  connection  it  would  be  interesting-  to  know  when  all 


A  LEVEL  OF  YE  OLDEN  TIME.  245 

these  older  levels  were  finally  superseded  by  the  teleseopic  level 
with  the  attached  bubble-tube,  for  it  seems  reasonable  to  assume 
that  from  the  time  of  the  introduction  and  use  of  the  bubble  there 
could  not  have  been  any  further  need  for  the  application  of  any 
oiher  principle. 

A  description  of  the  bubble-tube  (libella)  is  mentioned  for  the 
first  time  in  a  small  French  pamphlet  in  1666.  The  inventor 
appears  to  have  been  the  mechanician  Chapotot;  but  that  it  was  not 
directly  applied  in  the  art  of  leveling  for  fifty  years  afterwards 
seems  evident  from  the  following  memoir: 

THE  DESCRIPTION  AND  USE  OF  A  LEVEL  OF  A   NEW  CONSTRUCTION, 
BY   M.   DE  LA  HIRE,   NOVEMBER   12,    I704. 

The  great  aqueducts  which  the  ancients  have  made  might 
have  persuaded  us  that  they  were  very  skillful  in  the  art  of  leveling, 
if  the  instruments  which  they  used,  and  the  whole  artifice  which 
they  employed,  had  not  been  handed  down  to  us  in  the  works  of 
Vltruvius. 

The  new  discoveries  that  have  been  made  in  the  Academy  of 
Sciences,  and  the  different  levels  that  have  been  there  invented 
with  telescopes,  which  serve  them  for  sights,  have  given  us  the 
means  of  making  levels  with  a  great  deal  more  justness,  and  with 
much  more  ease,  than  all  those  which  have  been  made  till  this  time; 
since  we  may  level  at  once  a  distance  of  1000  toises  without  any 
sensible  error. 

We  have  in  our  hands  the  levels  of  M.  Picard,  Alariotte,  Huy- 
gens,  Thevenot  and  Roemer,  whose  construction  were  all  different; 
and  I  have  also  given  one  which  draws  its  justness  from  the  surface 
of  water,  a  description  of  which  I  have  printed  in  M.  Picard's  trea- 
tise of  leveling,  in  1684,  and  wdiich  was  afterwards  copied  in  the 
memoirs  of  the  Academy,  in  1699.  But  the  surveys  that  I  have 
formerly  made,  by  order  of  the  King,  in  different  places  and  at 
different  times,  for  the  space  of  about  100  leagues,  have  shown  me 
that  almost  all  these  levels  have  great  inconveniences  in  them,  and 
that  they  cannot  be  easily  transported  without  our  being  obliged 
to  rectify  them,  and  sometimes  to  restore  the  sights,  which  require 
pretty  troublesome  operations.  Not  that  it  is  necessary  to  make 
use  of  a  just  level  to  make  exact  surveys,  since  we  may  easily 
arrive  at  it  by  taking  some  precautions,  as  is  observed  in  M. 
Picard's  leveling,  and  as  I  have  explained  it  afterwards  in  a  little 
treatise  of  leveling  which  I  have  given  to  the  public. 

The  level  which  I  here  describe,  and  which  I  made  some  time 
ago,  is  constructed  upon  a  different  principle  from  all  other  levels 
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which  have  hitherto  appeared,  for  they  draw  all  their  justness, 
either  from  the  center  of  gravity  of  the  body  of  the  whole  level, 
which  is  suspended  upon  a  body  flexible  or  otherwise,  or  from  a 
plunmiet  also  suspended  to  a  thread,  as  fine  as  a  hair;  or,  lastly, 
from  the  surface  of  water,  or  some  other  fluid  body,  whose  surface 
is  always  level.  But  this  here  is  not  at  all  suspended  by  any  body 
whatever;  on  the  contrary,  the  center  of  gravity  of  the  body  which 
serves  it  for  a  rule,  as  it  does  to  many  others,  is  placed  above  the 
point  of  support;  so  that  if  it  was  possible  that  the  center  of  gravity 
of  the  body,  which  is  a  mathematical  point,  should  remain  im- 
movable upon  the  support,  which  is  the  nicest  point  that  it  is  pos- 
sible to  make,  we  should  then  have  the  true  level,  which  would  be 
the  perpendicular  line  drawn  to  that  which  passes  through  the 
center  of  gravity  and  through  the  support.  But  as  it  is  impossible 
to  make  the  center  of  gravity  stay  in  a  fixed  place  above  the  point 
of  support,  we  take  for  the  true  level  the  position  where  this  point 
is  indifferent  to  fall  either  on  one  side  or  the  other. 

It  will  perhaps  be  said  that  this  principle  is  not  so  just  as  that 
where  the  heavy  body  is  suspended  by  a  flexible  body;  but  if  we 
make  the  least  reflection  upon  these  suspensions,  we  shall  see  that 
there  are  very  great  irregularities  caused  by  the  nature  of  these 
bodies;  besides,  if  the  whole  machine  is  exposed  to  a  little  wind,  it 
is  in  a  continual  shaking  and  agitation,  and  it  is  impossible  to 
determine  the  level.  I  say  nothing  of  the  remedies  that  are 
brought  to  these  shakings,  as  of  plunging  the  weight  suspended  to 
the  machine  in  water  or  oil  to  stop  the  vibrations,  since  even  this 
remedy  has  great  inconveniences,  and  yet  is  not  suf^cient. 

This  which  I  propose  is  firm,  solid  and  steady,  being  once 
well-constructed;  and  it  may  be  carried  about  as  we  please,  without 
being  afraid  that  it  may  alter;  and  if  it  makes  any  alteration,  it  will 
be  very  easy  to  rectify  it  without  changing  its  place,  or,  as  we 
say,  a  single  station. 

The  new  sights  upon  glass,  as  I  have  proposed  them  to  the 
Academy,  and  as  they  are  described  in  the  memoirs  of  1700  and  in 
my  astronomical  tables,  give  it  also  a  very  great  advantage  above 
all  the  rest;  for  these  sights  are  unalterable  by  all  the  changes  of 
the  air,  and  cannot  be  spoiled  by  any  accident  whatever,  though 
they  should  be  at  least  as  fine  and  slender  as  the  threads  of  a  silk- 
worm, which  have  hitherto  been  considered  as  the  most  fit  to  make 
exact  observations  with.  Tt  is  very  easy  to  make  them,  since  it  is 
only  a  little  line  or  verv  fine  stroke  marked  with  a  diamond  upon 
a  little  bit  of  glass,  which  is  fixed  to  the  focus  of  the  object-glass  of 
the  telescope;  for  the  center  of  the  object-glass  is  in  tlie  room  of  an 
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object-sight,  and  the  stroke  upon  tlie  glass  serves  for  an  eye-sight. 
It  is  easy  to  judge  that  this  eye-sight  cannot  suffer  any  alteration 
or  change,  either  by  heat  or  cold,  by  little  insects  which  fix  them- 
selves to  the  silk,  by  touching  it,  or,  in  fnie,  by  carrying  the  instru- 
ment in  any  manner  whatever;  for  it  will  be  as  solid  as  the  object- 
sight. 

The  principal  part  of  this  level  is  an  iron  rule,  which  bears  at 
its  extremities  the  sights  or  diopters,  which  are  an  object-glass  of 
a  telescope  for  the  object-sight;  and  for  the  eye-sight,  a  little  bit  of 
glass  with  a  little  stroke,  as  I  have  just  said.  This  glass  runs  in  a 
frame  or  groove,  that  it  may  be  stopped  at  what  height  we  please. 
This  rule  is  instead  of  the  body  of  a  telescope,  which  has  no  eye- 
glass, and  has  no  other  tube  than  the  whole  box  which  is  blacked 
on  the  inside  and  well  closed. 


nntAtAe/^r£ 


There  is,  under  this  iron  rule,  another  rule  placed  upon  the 
ground,  which  serves  to  make  it  more  firm,  and  has  in  the  middle 
another  piece  of  iron  or  brass  about  two-thirds  of  the  length  of  the 
first,  with  which  it  is  in  a  square.  This  piece  increases  in  wiidth 
at  the  bottom,  so  that  the  breadth  is  perpendicular  to  the  length  of 
the  rule  of  the  telescope.  At  the  extremity  of  this  piece  are 
soldered  on  both  sides  the  pivots,  upon  which  the  machine  moves; 
and  consequently  as  the  whole  body  of  the  level  is  moved  when 
the  pivots  are  pretty  near  upon  a  level,  the  telescope  rises  and  falls 
in  its  motion. 

There  is  a  little  care  required  in  the  construction  of  the  pivots. 
Their  cut  must  be  in  form  of  a  very  acute  lozenge,  with  a  sharp 
point  both  at  top  and  bottom;  for  it  is  by  these  places  that  the 
whole  level  is  sustained  upon  the  support. 

The  pivots  are  of  tempered  steel,  and  the  place  where  they 
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I)car  upon  tlic  support  is  a  little  hollow,  although  sharp,  that  in  the 
motion  of  the  level  they  may  not  get  from  either  side.  There  are 
two  similar  cavities  opposite  to  one  another,  for  an  use  which  we 
shall  hereafter  explain. 

The  supports  are  fastened  with  screws  to  a  particular  piece, 
which  is  of  wood,  and  this  piece  is  held  in  the  bottom  of  the  box 
with  screws,  in  such  a  manner  that  it  may  be  drawn  out  of  the  box 
w  ith  the  w'hole  level  which  rests  upon  its  supports. 

These  stipports  are  made  of  a  flat  piece  of  tempered  steel,  in 
which  are  two  round  aperttires,  of  which  the  inner  one  is  blunted, 
to  sustain  the  pivots  of  the  level  and  to  be  firm  enough  not  to  spoil 
in  the  motion  of  the  level. 

The  box  that  incloses  the  level  may  be  made  of  what  figure 
you  please  on  the  outside;  but  the  whole  level  being  of  the  figure 
of  a  T,  the  box  ought  to  be  pretty  near  of  the  same  figure;  and  it 
must  hold  the  instruments  in  such  a  manner  that  it  has  only 
liberty  to  move  a  little  on  each  side.  At  the  tw'o  extremities  of  the 
upper  part  of  the  box.  which  is  the  transverse  of  the  T.  there  are 
two  round  covers,  to  one  of  which  is  fixed  the  end  of  the  tube 
where  the  porte-oculaire  enters;  for  the  eyeglass  is  not  fastened  to 
the  telescope,  and  we  may  l)y  this  means  bring  it  nighcr  or  farther 
from  the  eye-sight,  according  to  the  strength  of  the  observer's 
sight.  The  aperture  of  the  other  end  of  the  box  serves  to  let  the 
rays  of  the  object  pass,  which  meet  the  object-glass  or  object-sight. 

Toward  the  eyeglass  at  the  lower  part  of  the  length  of  the 
box  is  a  ])retty  long  screw,  wdiich  moves  in  a  nut  fixed  to  the  box. 
This  screw  serves  to  raise  the  end  of  the  iron  ride  as  occasion 
re(|uires.  The  furrows  of  this  screw'  are  very  fine  to  raise  the  rule, 
as  it  were,  insensibly  by  turning  the  screw\ 

(^]iposite  to  the  screw;  that  is.  in  the  top  of  the  crossway  of 
the  box,  there  is  within  a  ver\-  slender  spring,  which  is  held  to  the 
box  by  the  extremity  farthest  from  the  eyeglass;  and  at  the  other 
it  bears  a  peg  with  a  button,  which  passes  to  the  outside  of  the  box. 
This  peg  serves  to  drive  the  spring  downwards,  for  in  its  natural 
state  it  is  api)lied  against  the  toj)  of  the  box  on  the  inside. 

There  is  at  the  screw  a  re])aire.  or  mark,  to  let  it  into  the  nut 
just  in  this  place;  and  then  the  rule  of  the  telescope  being  rested 
upon  the  screws,  the  telescope  is  over  against  the  apertures  of  the 
box. 

There  is  then  nothing  to  be  done  but  to  place  the  sights  so 
that  their  true  line  be  perpendicular  to  the  plane  wdiich  passes 
through  the  center  of  gravity  of  the  whole  level,  and  through  the 
line  of  the  sui)])orts,  and  this  is  called  rectifying  it;  and  as  all  the 
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parts  that  compose  it  are  solids,  l)ciiig"  once  well  rectified,  it  will  not 
afterwards  change;  wherefore  it  is  sufficient  to  rectify  it  well  in 
constructing  it  by  some  of  the  ways  which  are  explained  in  M. 
Picard's  treatise  of  leveling,  by  establishing  two  points  of  level, 
and  also  with  the  level  without  l)eing-  rectified. 

TO    RECTIFY    THE    LEVEL. 

Supposing  then  that  we  have  two  points  of  level,  A  and  B, 
about  100  toises  distant  from  one  another;  we  place  the  telescope 
at  one  end  of  these  points  as  A,  and  point  it  toward  the  other  point 
B,  raising  or  sinking  the  body  gently.  And  when  the  object  B 
appears  upon  the  eye-sight,  if  the  rule  of  the  telescope  is  placed 
upon  the  point  of  the  screw,  and  it  is  not  in  a  state  of  falling  for- 
ward; that  is,  towards  the  object-glass,  which  we  may  know  by 
pushing  or  raising  the  rule  a  little  by  turning  the  screw;  for  then 
the  telescope  falls  lower,  and  is  also  placed  upon  the  screw.  This 
shows  that  the  part  of  the  whole  level,  which  is  toward  the  eye- 
glass, is  too  heavy;  therefore  the  part  of  the  rule  toward  the  object- 
glass  must  be  changed  by  means  of  a  little  weight  which  shall  run 
upon  the  rule,  and  may  be  stopped  in  whatsoever  place  we  please 
with  a  little  screw,  or  only  charging  it  with  a  little  soft  wax  and 
lead.  We  charge  this  part  of  the  rule  so  much  that  the  sights, 
being  pointed  toward  the  object  B,  are  indifferent  to  rest  upon  the 
point  of  the  screw,  or  to  fall  forward,  and  then  it  will  be  rectified. 

But  if  at  first  the  sights  being  pointed  toward  the  object  B, 
the  rule  cannot  keep  upon  the  screw;  we  shall  know  by  that  that 
the  part  of  the  level  toward  the  eyeglass  is  too  light,  and  then  it 
must  be  charged,  as  was  done  in  the  other  case,  till  the  level  is  in 
an  indifferent  state  of  falling  or  resting  upon  the  point  of  the 
screw^;  and  then  the  level  will  be  rectified. 

We  might  also,  instead  of  charging  the  rule  on  either  side, 
raise  or  sink  the  eye-sight  in  its  frame,  till  the  level  was  just,  which 
we  might  do  if  the  level  is  not  far  from  being  just. 

We  shall  observe  that  in  these  operations  every  time  that  the 
telescope  falls  forward  it  is  replaced  upon  the  point  of  the  screw, 
by  pushing  the  spring  at  the  top  of  the  box,  which  drives  the  frame 
of  the  eye-sight  downwards,  and  by  that  means  replace  the  rule 
upon  the  point  of  the  screw. 

As  this  level  may  be  put  in  a  reverse  situation,  which  is  when 
the  telescope  is  below  the  pivots,  we  must  ex])lain  what  ought  to 
be  observed  in  the  constructing  of  it  to  serve  in  this  state. 

It  is  certain  that  if  the  ])ivots  were  a  mathematical  line,  when 
the  level  is  reversed  it  would  jiotnt  to  the  same  ])lace  where  it 
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pointed  in  its  right  situation,  provided  that  this  place  was  perfectly 
level  with  the  place  where  the  level  is  situated;  and  to  rectify  it  we 
need  only  aim  the  telescope  at  the  same  point  in  the  two  situations 
of  the  level,  by  increasing  or  diminishing  by  degrees  the  weight  of 
one  of  the  ends  of  the  rule.  But  as  the  pivots  must  have  a  con- 
siderable thickness  to  make  them  solid,  it  may  happen  that  the 
plane,  which  passes  through  the  center  of  gravity  of  the  whole 
level,  and  through  the  line  where  the  pivots  rest,  will  not  be  the 
same  in  the  two  situations  of  the  level;  it  must  be  rectified  in  the 
reversed  position,  the  same  as  in  the  right.  But  as  we  must  not 
change  the  sights  which  are  rectified  for  the  right  position,  we 
must  correct  the  place  of  the  pivots  where  they  bear  upon  the  sup- 
port in  the  reverse  position. 

The  level  being  therefore  reversed,  if  the  sights  do  not  give 
the  same  point  as  in  the  right  situation  rectified,  the  pivots  must 
be  filed  a  little  to  drive  the  point  toward  the  object-glass,  if  the 
sights  fall  too  low  in  the  reverse  situation,  or  toward  the  eyeglass 
it  they  rise  too  high. 

The  pivots  may  also  be  made  in  another  manner,  so  that  the 
plane  which  shall  pass  through  the  center  of  gravity  of  the  instru- 
ment, and  through  the  place  where  the  pivots  rest,  shall  be  the 
same,  both  in  the  right  and  reversed  situation  of  the  level;  and 
thus  we  may  rectify  this  level  from  a  single  station,  without  having 
a  line  of  level. 

In  this  second  manner  the  pivots  must  be  cylindrical,  and 
very  well  turned  and  polished  in  the  places  where  they  bear  upon 
and  touch  their  supports,  which  ought  to  be  a  little  hollow,  like  a 
pulley.  Besides,  the  bottom  and  top  of  the  hole  of  the  support 
wliich  sustains  the  pivots  must  be  almost  in  a  right  line,  that  the 
pivots  may  not  touch  sensibly  but  in  one  point. 

It  is  evident  that  in  this  construction  of  the  pivots  the  center 
of  gravity  of  the  level,  and  the  line  which  shall  pass  through  the 
places  where  the  pivots  rest  in  the  two  situations  of  the  level,  will 
be  always  in  the  same  plane,  which  shall  also  pass  through  the 
axis  of  the  cylinder  of  the  pivots. 

This  suspension  of  the  level  is  not  so  nice  as  the  first,  because 
the  place  of  the  pivot,  where  it  touches  upon  the  support,  is  of  cir- 
cular figure:  and  in  the  first  it  is  of  a  pointed  figure,  a  little  blunted. 

THE    USE    OF    THE    LEN'EL. 

To  make  use  of  this  level  we  must  first  put  the  screw  to  its 
mark,  that  the  sights  may  be  over  against  the  apertures  of  the  box. 
Afterwards,  by  means  of  the  springs,  we  drive  the  rule  of  the  tele- 
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scope  against  the  end  of  the  screw,  in  such  a  manner  that  it  does 
not  fall  from  the  other  side,  which  is  easy  to  do  by  inclining  the 
box;  and  in  this  state  the  rule  of  the  telescope,  being  placed  upon 
the  screw,  without  the  spring  holding  it,  we  bend  the  box  by 
degrees  toward  the  end,  where  the  object-glass  is,  till  the  telescope 
falls  on  that  side.  Then  we  hold  the  box  as  firm  as  possible  in  this 
state,  either  upon  a  foot  or  against  some  other  solid  body;  the  tele- 
scope must  be  then  pointed  toward  the  object  that  we  would  level, 
and  we  ought  to  observe  exactly  the  part  of  the  object  that  appears 
upon  the  stroke  which  serves  for  an  eye-sight.  But  as  I  suppose 
the  telescope  to  be  placed  upon  the  screw,  we  must  push  the  screw 
gently  till  the  telescope  falls  on  the  other  side,  and  observe  well  the 
part  of  the  object  which  appears  upon  the  stroke  when  the  tele- 
scope falls;  and  to  be  assured  of  it,  we  must  drive  back  the  telescope 
upon  the  screw  by  means  of  the  spring,  and  observe  if  it  falls  again ; 
and  if  the  same  object  appears  upon  the  stroke  of  the  glass  which 
appeared  there  before,  we  should  then  undo  a  very  little  part  of  the 
screw  and,  driving  back  the  telescope  upon  the  screw,  observe  what 
difference  there  shall  be  between  the  object  which  shall  appear 
upon  the  stroke  in  this  state  of  the  telescope  and  that  which 
appeared  there  before.  It  must  also  be  considered  if  the  telescope 
rests  then  upon  the  screw,  or  if  it  falls  again  from  the  other  side; 
for  to  have  the  point  of  the  level  just,  the  telescope,  being  placed 
upon  the  end  of  the  screw,  must  be  in  a  state  of  falling  on  the  other 
side  without  falling,  and  we  cannot  raise  it  the  least  with  the  screw 
without  its  falling;  it  is  then  that  the  object,  which  appears  in  the 
telescope  upon  the  stroke  of  the  sight,  is  in  a  level  with  the  stroke 
of  this  sight. 

What  I  say  of  the  level  must  always  be  understood  of  the 
apparent  level,  with  the  relation  to  the  place  where  the  instrument 
is,  which  serves  to  level,  as  it  is  explained  in  the  treatise  of  leveling; 
for  to  have  the  true  level  corresponding  to  that  where  the  instru- 
ment is  placed,  we  must  make  the  correction  to  the  apparent  point 
of  level,  with  relation  to  the  distance  between  the  place  where  the 
instrument  is  and  the  point  leveled;  but  we  do  not  here  treat  of 
this  practice  of  leveling. 

One  of  the  advantages  of  this  level  is  that  it  may  be  reversed 
and  serve  again  to  level  in  this  situation  without  any  preparation 
or  change,  and  though  it  has  then  some  vibrations,  they  last  but  a 
little  while,  for  they  come  only  from  the  body  of  the  instrument, 
and  not  from  the  motion  of  the  box,  which  must  be  held  firm,  but 
without  any  subjection,  since  it  loses  nothing  of  the  justness  of  the 
level;  we  may  also  easily  stop  the  shaking  of  the  level  by  support- 
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ing  gently  the  spring  against  the  frame  of  the  sight,  and  by  letting 
it  afterwards  replace  in  its  natural  state. 

The  si7.e  of  this  level  is  not  at  all  determined,  for  the  greater 
the  telescopes  are  the  more  distinct  the  distant  objects  will  appear; 
l>ut  it  will  be  much  more  inconvenient  to  be  carried  about. 

I  have  proved  that  one  of  these  levels,  whose  height  and 
length  was  but  lo  inches,  determined  the  level  to  near  3  or  4 
inches  at  a  distance  of  1000  toises  (6400'),  which  is  all  we  can 
hope  from  a  level,  since  an  object  of  this  bigness,  at  this  distance, 
is  entirely  covered  by  a  single  thread  of  silk. 

We  may  make  use  of  difTerent  supports,  but  one  of  the  most 
convenient  ways  for  practice  will  be  to  fix  the  box  of  the  level  very 
firm,  with  a  screw,  against  the  cross  of  a  painter's  easel,  which  is 
solid;  we  might  also  hold  it  only  in  the  hand,  and  bear  it  against 
some  very  stable  body,  whilst  the  operations  are  performed. 

It  must  be  observed  that  when  we  would  transport  this  level, 
the  pivots  should  not  bear  at  all  tipon  their  support,  which  will  be 
very  easy  if  these  pivots  jut  a  little  out  of  the  box,  and  if  there  are 
in  this  place  upon  the  box  two  sorts  of  hooks,  which  are  engaged 
in  the  ends  of  the  pivots  and  hold  all  the  level  raised  out  of  the 
su])ports.  We  might  also  fix  the  telescope  against  the  end  of  the 
screw  by  means  of  the  spring,  which  shall  be  rested  upon  the  sight; 
1)ut  if  we  would  open  the  lid  of  the  box  we  might  engage  the  whole 
level  between  some  l)rackets,  which  will  hinder  it  from  balancing 
on  one  side  or  other  in  carrving  it  a  long  joiu-ney. 

DISCUSSION. 

Mr.  Adoli'ii  Lietz  (Member  Technical  Society). — ^Nlr.  von 
Geldern's  paper  is  of  great  interest;  our  engineers,  accustomed  to 
handle  instruments  of  the  latest  improved  style,  ought  to  feel  a 
certain  amount  of  comfort  in  comparing  a  level  of  the  olden  times 
with  a  modern  instrument. 

l"he  constructor  of  the  level  described  places  importance  upon 
the  adjustment,  wdiich  can  be  effected  without  removing  the  instru- 
ment from  its  station,  a  feature  preferred  by  our  engineers  to-day, 
f(jr  the\-  generally  demand  the  Y-level,  which  can  be  adjusted  from 
one  station.  It  a])]>ears  that  the  reason  for  this  preference  is  not 
well-grounded,  as  it  is  generally  coupled  with  the  idea  that  such 
instruments  are  capable  of  doing  more  accurate  work  than  the 
1  )tuu])v  level. 

Many  engineers  condemn  the  tise  of  Dumpy  levels  withotit 
sufficient  reasons.  It  is  true  that  instrument  makers  in  this  coun- 
trv  have  not  uenerallv  advocated  the  introduction  of  this  old,  use- 
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fill  and,  in  Europe,  more  iniivcrsally  ein])loyc(l  tool;  l)ul  it  must  be 
remembered  that  the  maker  often  nieels  with  diffieulties  by  intro- 
ducing; a  new  instrument  or,  as  in  this  case,  an  old  one,  of  which 
the  professional  engineer  is  not  aware.  If  a  Dumpy  level  is 
properly  constructed,  and  if  its  mechanical  and  optical  require- 
ments are  up  to  the  standard,  its  principal  advantag'e  over  the  \- 
level.  which  has  lately  come  into  g-eneral  use.  it  makes  the  ideal 
of  adjustments  and  reduction  in  price. 

If  the  Y-leveling"  instrument  is  supplied  with  the  reversion 
le\el,  which  has  lately  come  into  general  use,  it  makes  the  ideal 
leveling"  instrument  of  to-day  for  the  American  engineer;  for  the 
reversion  level  admits  of  running  true  levels,  regardless  of  the 
adjustment  of  the  instrument,  by  a  method  of  vertical  double 
centering. 

Tlie  idea  prevails  among  engineers  generally  that  a  perfect 
adjustment  of  a  Y-level  can  be  effected  from  one  station.  This  is 
not  quite  true.  Even  if  the  telescope  collars  are  not  of  exact  equal 
diameters  and  perfect  cylinders,  but  if  the  Y's  are  both  filed  out  to 
the  same  angle  (this  is  generally  the  case,  or  at  least  very  nearly  so, 
as  most  makers  file  them  out  by  means  of  gauges)  it  may  be  so 
adjusted  that  the  bubble  on  all  reversals  in  the  Y's  and  revolutions 
on  center  will  always  give  the  same  reading  at  both  ends;  that  is, 
indicate  a  true  horizontal  position.  To  ascertain  whether  the  in- 
strument is  true,  however,  can  only  be  done  by  the  three-stake 
adjustment, — except  when  a  reversion  level  is  adopted,  as  referred 
to  before. 

The  reversion  level  can,  with  equal  advantage,  be  applied  to 
the  transit,  and  it  has  already  found  a  wide  application  in  this 
capacity  during  the  last  years.  While  the  reversion  level  is  not 
new,  its  early  application  was  prevented  chiefly  by  its  high  price, 
which  is  reduced  now  by  improved  methods  of  production.  Some 
years  ago  I  w-as  requested  by  Mr.  C.  S.  Batterman,  mining 
engineer,  to  construct  a  level  for  a  transit  telescope,  which,  accord- 
ing to  his  design,  should  revolve  on  its  axis,  and  thus  fulfill  the 
duty  of  a  reversion  level;  this  was  made  and,  I  believe,  has  given 
satisfaction.  The  objection,  however,  will  remain  that  adjust- 
ments which  have  to  be  provided  are  liable  to  change,  and  may 
need  attention  now^  and  then;  its  cost,  also,  is  higher  than  the  rever- 
sion level,  as  applied  to-day.  The  reversion  level  may  also  be 
applied  with  equal  advantages  in  other  directions. 

I  first  adopted  it  in  the  capacity  of  a  striding  level  for  a  high 
grade  theodolite,  built  some  months  ago,  and  I  believe  that  in  time 
it  will  find  a  wider  application  for  such  purposes. 
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It  is  interesting  to  learn  that  the  spirit  level,  now  so  univer- 
sally applied,  was  not  generally  in  use  for  leveling  two  centuries 
ago;  and  we  have  soma  reasons  to  consider  this  authentic  from  the 
fact  that  the  author  of  the  original  paper  just  read  does  not  refer 
to  it;  and  we  may  take  it  for  granted  that  the  instrument  and 
methods  of  the  principal  geometer  of  his  time,  Monsieur  Picard, 
w'ere  known  to  him;  and  had  Picard  employed  the  bubble  tube 
for  leveling,  or  had  he  referred  to  it  in  his  treatises,  it  is  reasonable 
to  suppose  that  de  la  Hire  would  have  mentioned  it.  This  is  all 
the  more  astonishing  since  the  spirit  level  was  not  entirely  un- 
known, for  it  had  been  described  as  early  as  1666. 

I  would  like  to  branch  off  at  this  point,  and,  if  you  will  permit 
me,  I  will  make  a  few  statements  about  modern  surveying  instru- 
ments from  the  standpoint  of  the  instrument  maker. 

A  prominent  feature  of  a  modern  level  or  transit  is  the  tele- 
scope. It  is  true  to  state  that  every  advance  in  optical  science  has 
brought  an  improvement  to  it. 

The  requirements  are  power,  definition  and  light.  How  to 
combine  these  best,  and  not  increase  the  advantages  in  one  direc- 
tion without  a  loss  in  another,  is  the  study  of  the  instrument  maker. 
And  a  very  difficult  one  it  is — and  a  thankless  one,  too, —  for  noth- 
ing is  understood  and  appreciated  so  little  as  this  particular  feature, 
even  among  our  best  engineers,  who  often  find  fault  where  no  fault 
can  be  proven.  I  am  glad  to  have  this  opportunity  to  discuss  this 
subject  before  the  Society,  and,  while  it  may  digress  somewhat 
from  the  original  subject,  it  will  be  of  interest  to  you  to  learn  what 
is  demanded  of  a  telescope  to-day. 

The  introduction  of  the  Jena  glass  was  an  achievement  in  the 
manufacture  of  telescopes  for  surveying  purposes;  and  with  the 
best  material  now  on  hand,  it  behooved  the  optician  to  make  his 
lenses  and  lens-systems,  and  the  instrument  maker  to  study  the 
conditions  under  which  they  had  to  be  applied  to  furnish  the  best 
results  in  the  field  practice  of  the  engineer. 

I  liavc  had  experience  in  this  direction,  and  the  statements 
that  I  shall  make  are  based  upon  practical  tests  that  I  have  had 
frequent  occasion  to  carry  on. 

Assuming  that  the  mechanical  work  of  a  telescope  is  of  high 
order,  and  that  the  best  lenses  obtainable  have  been  properly  fitted, 
its  capabilities  depend  upon  the  amount  of  light  admitted  and  the 
magnifying  power.  An  increase  of  power  without  corresponding 
increase  of  light  is  of  no  particular  gain;  and  by  using  too  low  a 
power  we  do  not  get  all  the  optical  effect  of  a  first-class  objective. 
There  must  be  a  certain  proportion  between  aperture  and  focal 
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length  from  which  the  most  practical  result  might  be  expected. 
This  matter  has  had  the  consideration  of  some  of  the  most  eminent 
opticians. 

It  is  generally  assumed,  and  we  have  practical  reasons  for  it, 
that  the  best  effect  is  obtained  if  an  objective  with  a  i^  inch  aper- 
ture, having  a  certain  focal  length,  be  supplied  with  an  eyepiece 
resulting  in  a  telescopic  combination  of  a  magnifying  power  of  20. 
For  instance,  with  an  objective  focus  of  10  inches,  the  equivalent 
of  the  eyepiece  should  be  -J  inch.  The  1^  inch  aperture  will  then 
admit  the  necessary  amount  of  light. 

The  area  of  an  objective  with  a  diameter  of  i^  inches  is  nearly 
I  square  inch;  by  increasing  the  diameter  to  if  inches  the  area  is 
doubled,  and  twice  the  amount  of  light  is  admitted.  It  might  now 
be  inferred  that  the  magnifying  power  could  be  proportionately 
increased,  and  that  we  should  be  justified  in  making  it  40  instead 
of  20.  Practice  has  taught  us,  however,  that  this  is  not  applicable 
— that  this  light  relation  cannot  be  extended — and  that  a  better 
result  is  achieved  if  we  stop  at  a  certain  power  and  increase  the 
amount  of  light  instead.  The  reason  for  this  is  found  in  the  dis- 
turbing influence  of  the  atmosphere,  which  grows  with  the  magni- 
fying abilities  of  the  telescope.  Every  floating  particle  in  the  air, 
and  every  motion  and  reflection  of  the  light-wave  is  brought  out  so 
much  more  distinctly  that  a  clear  and  well-defined  image  will  be- 
come an  impossibility;  and  the  observer  may  be  effectually  brought 
face  to  face  with  the  paradox  that  he  will  be  able  to  see  more  and 
better  with  the  naked  eye  than  with  a  high-power  telescope. 

This  accounts  for  the  fact  that  telescopes  are  often  condemned, 
that  in  reality  possess  excellent  lenses,  but  too  high  a  power;  while 
others  again  are  commented  upon  for  their  clearness  that  may 
possess  very  ordinary  glasses.  There  is,  therefore,  a  certain  limit 
to  the  magnifying  power  of  a  surveying  instrument  that  it  is  wise 
not  to  overstep,  if  we  would  retain  a  clear  image.  A  practical  ratio 
between  focus  and  aperture  is  about  10  to  i. 

Of  two  telescopes  of  even  w^orkmanship  and  the  same  focal 
length,  the  one  with  the  greater  aperture  will  show  a  clearer  and 
better  image.  And  in  this  connection  it  is  well  to  notice  the  un- 
explainable  fact  of  the  existence  of  diaphragms  within  the  tube  to 
shut  out  the  light.  Why  should  this  be  resorted  to  when  the 
necessity  of  light  is  so  apparent?  With  a  well-ground  and  cor- 
rected lens  there  is  no  need  of  placing  any  obstruction  in  the  way 
of  all  the  light  it  will  admit.  In  faulty  lenses  there  may  be  suffi- 
cient reason  for  such  a  course,  but  there  is  no  excuse  for  using 
anything  of   that   character   in   a   modern   telescope.     Instead   of 
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blinding"  a  first-class  lens,  would  it  not  be  more  reasonable  to  adopt 
a  smaller  lens,  a  shorter  tube,  and  thus  build  a  lighter  instrument? 

A  telesco])e  intended  for  tacliNinetric  or  stadia  measurements 
must  possess  all  the  qualities  mentioned  to  their  very  best  advan- 
tage, particularly  distinctness,  in  order  that  a  graduated  rod  may 
be  read  long  distances  with  the  greatest  possible  accuracy.  Cor- 
rect determinations  of  distances  are  impossible  with  a  poor  tele- 
scope. The  lenses  should  be  of  the  Jena  glass,  accurately  centered, 
and  the  eyepiece  of  the  inverting  form,  which  admits  of  the  use  of 
an  ol:)jective  of  greater  focal  distance  with  the  same  length  of  tele- 
scope than  the  combination  for  erect  vision. 

In  using  the  erect  ocular,  too  much  is  sacrificed  for  what  is  only 
an  apparent  advantage,  and  1  will  go  so  far  as  to  say  that  all  good 
telescopes  intended  for  tachymetric  determinations  should  have  the 
inverting  eyepiece.  That  this  form  is  not  readily  obtained  in  a 
manufactured  surveying  instrument  in  this  country  is  not  the  fault 
of  the  maker,  but  is  simply  due  to  the  fact  that  an  unwarranted 
preference  is  given  to  an  erect  vision. 

Assuming  the  focal  length  of  an  objective,  f,  as  a  constant 
(which  it  is,  except  for  very  short  and  inadmissible  sights)  the 
ratio  between  it  and  the  distance  l)etween  the  threads  5  is  the 
fundamental  basis  underlying  this  method  of  measuring,  for  f /s 
usually  termed  K,  represents  a  constant  by  which  any  intercepted 
rod  space  must  be  nmltiplied  to  obtain  the  distance  from  the  instru- 
ment to  the  road.  We  know  that  this  refers  to  observations 
parallel  to  the  horizon,  and  that  it  is  customary  to  place  the  hairs 
so  as  to  make  the  ratio  i  in  100. 

In  perfecting  the  optical  features  of  an  instrument,  it  was 
sought  to  obviate  the  necessity  of  correcting  for  the  distance  of  the 
anallactic  point.  Since  stadia  measurements  originate  from  the 
outer  focus  of  the  objective  lens,  and  not  from  the  center  of  the 
instrument,  it  becomes  somewhat  troublesome  to  apply  a  correc- 
tion therefcM"  on  inclined  sights,  for,  since  the  corrections  remain 
constant  for  any  distance  and  vary  with  the  angle  of  inclination 
only,  it  is  not  practical  to  incorporate  them  directly  into  the  tabular 
values  employed  in  reducing  stadia  observations.  Such  tables  are 
usually  augmented  by  placing  the  corrections,  due  to  what  is 
generally  termed  the  constant  c  at  the  bottom  thereof.  To  over- 
come this  difficulty,  and  to  make  every  reading  date  directly  from 
the  center  of  tlie  instrument,  the  Italian  Porro  invented  a  method 
in  1823,  which  is  now  beginning  to  be  better  known.  This 
method  has  been  frequently  discussed.  The  Journal  of  the 
Franklin  fnslitiitc  contains  an  article  in  a  mnnber  as  far  back  as 
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1S68.  Tlie  Eiigiiu'criiig  Nczcs  of  Xovcnibcr  8,  i8yo,  has  a  short 
discussion  by  one  of  our  best  writers  on  these  sul)jects,  Professor 
J.  B.  Johnson,  of  the  Washington  University,  St.  Louis. 

A  convex  lens  of  required  focal  length  is  inserted  between  the 
objective  and  the  eyepiece,  which  transfers  the  anallactic  point  to 
the  occtipied  center.  Theoretically  this  is  necessary,  for  the 
observed  vertical  angles  have  their  common  vertex  in  the  center 
of  the  arc,  or  horizontal  axis  of  the  telescope;  while  the  vertex  of 
the  diastimometric  angle  lies  outside  of  the  objective,  a  distance  of 

14  inches  from  the  center  of  the  instrument  in  the  ordinary  large 
transit.  This  would  cause  slight  errors  in  vertical  angle  and  dis- 
tance, which  disappear  in  the  Porro  telescope. 

There  are  very  substantial  reasons,  however,  why  this  anallac- 
tic lens  has  not  found  a  more  general  application  in  modern  sur- 
veying instruments,  for  it  is  not  a  new  thing  with  which  we  are 
dealing,  but  a  principle  that  was  known  and  used  over  half  a  cen- 
tury ago;  and  these  reasons  will  now  be  briefly  considered. 

By  inserting  an  additional  lens  the  ecjuivalent  focal  length  of 
the  objective  is  considerably  decreased,  and  the  power  and  capacity 
are  thereby  correspondingly  lessened.  To  exemplify  this,  refer- 
ence is  made  to  an  actual  test  of  which  the  results  were  accessible 
to  me.  In  this  case  the  focal  length  of  the  objective  equaled  13^ 
inches,  that  of  the  inserted  lens  5  inches  and  the  distance  between 
them  9I  inches.  The  equivalent  focal  length  of  the  combination 
was  therefore  7^  inches.  The  image  of  the  system  lay  2^  inches 
behind  the  anallactic  lens,  and  its  distance  from  the  objective  there- 
fore 11^  inches.  Here  we  notice  that  the  available  focal  length  has 
been  shortened  by  the  lens  combination  4^  inches,  which  is  a 
direct  loss  of  nearly  37  per  cent.  An  ordinary  telescope  with  a 
focus  of  11;^;  inches,  possessing  an  eyepiece  with  one  of  -|  inch, 
would  have  a  power  of  23 ;  while  the  Porro  telescope  under  similar 
conditions  shows  only  15,  indicating  the  same  pcreccntage  of  loss 
in  power.  There  is,  however,  a  slight  gain  in  l^rightness  with  the 
same  aperture  of  objectives,  for  the  reason  that  the  admitted  light 

15  concentrated  in  a  smaller  space.  In  order  to  make  up  for  the 
loss  in  power,  due  to  the  anallactic  lens,  a  more  powerfid  eyepiece 
must  be  made  use  of.  One  with  an  ecjuivalent  focal  length  of  5-16 
inch  would  about  compensate  the  37  per  cent,  of  loss,  but  the 
brightness  of  the  image  would  not  then  be  quite  up  to  that  of  the 
ordinary  telescope,  since  the  middle  lens  will  cause  a  slight  loss  of 
light  bv  reason  of  reflection  and  absorption.  This,  however,  might 
again  be  rectified  by  giving  the  o1)jective  a  somewhat  larger 
aperture. 

19 
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While  it  is  rcadil}'  seen  that  a  i'urru  telescope  might  be  con- 
structed fully  up  to  the  capacity  of  our  ordinary  transit  telescope, 
it  is  also  apparent  that  nnich  greater  care  and  refinement  wotild 
have  to  be  resorted  to  to  reach  it,  for  it  is  very  important  that  the 
entire  mechanical  work  should  be  perfectly  in  harmony  with  the 
greater  optical  requirements.  The  tubes  must  be  absolutely 
straight,  the  axes  of  the  lenses  must  be  identical  and  their  principal 
planes  normal  thereto.  Greater  care  must  be  exercised  in  the 
construction  of  the  objective,  it  being  necessary  to  correct  therein 
for  the.aberration  due  to  sphericity  and  achromatism  of  the  anallac- 
tic — which  is  usually  a  simple  convex  lens — if  we  w'ould  retain  a 
clear  and  distinct  image. 

it  is  a  problem  for  the  instrument  maker  to  construct  the 
Porro  telescope  so  that  there  shall  be  no  complicated  parts,  and  no 
excess  of  cost  to  speak  against  it.  The  additional  lens,  whose 
focal  distance  depends  upon  the  length  of  the  telescope  and  the 
location  of  the  center  of  the  instrument,  is  placed  in  front  of  and 
not  too  far  from  the  cross-hair  diaphragm.  Its  distance  from  the 
objective  must  necessarily  remain  constant,  and  any  motion  of 
the  latter  in  the  tube  must  be  made  with  the  middle  lens  also.  The 
lenses  must  move  together. 

It  might  be  a  more  advantageous  construction  to  adopt  the 
movable  eyepiece,  and  to  focus  by  shifting  the  cross-hair  dia- 
phragm in  connection  therewith. 

This  lens  combination  has  one  peculiar  advantage  that  must 
not  be  left  unmentioned,  which  is  that  it  requires  but  a  very  small 
telescopic  slide  movement  to  focus  from  long  to  short  distances 
and  -c'icc  z'crsa.  A  range  of  half  an  inch  may  be  sufticicnt  to  cover 
all  the  required  lengths  of  sight. 

In  building  the  tube,  provisions  must  also  be  made  for  readily 
removing  the  inner  lens  in  order  to  clean  it,  which  would  prob- 
ably be  frequently  required.  The  arrangements  for  this  purpose 
must  be  so  contrived  that  the  lens  may  be  replaced  in  its  proper 
position  and  accurately  adjusted  to  the  required  optical  conditions. 
Everv  feature  goes  to  show  that  the  mechanical  work  of  such 
a  telescope  must  be  of  the  highest  order,  if  it  shall  meet  the  de- 
mands made  upon  it.  With  the  cheaper  grade  of  surveying  in- 
struments a  Porro  telescope  is  an  impossiljility.  W'hether  the 
extra  cost  necessarily  connected  therewith  will  be  justified  by  the 
gain  of  the  slight  advantage  in  obliterating  the  constant  r.  is  a 
matter  that  shall  be  left  to  yoiu"  judgment.  I  am  of  the  opinion 
that  the  smaller  the  number  of  lenses  used  in  the  construction  of 
survcving  telescopes  the  better  will  be  the  results,  and  the  less  the 
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structural  refinement  recjuired  to  lead  to  them.  Granted  that  we 
have  a  Porro  telescope  fully  up  to  the  power  and  capacity  of  that 
of  the  simpler  construction,  there  are  the  constant  disadvantages  of 
using  a  powerful  microscope,  which  must  be  more  or  less  fatiguing 
to  the  e}cs  of  the  observer;  and  the  accunmlation  of  dust  on  the 
inner  lens,  a  difficult}-  that  may  lead  to  considerable  trouble  and 
annoyance.  These  reasons  have  been  more  than  sufficient  to  pre- 
vent the  anallactic  telescope  from  being  generally  introduced  and 
practically  used.  It  is  granted,  however,  that,  as  a  precise  instru- 
ment, it  is  perfectly  within  the  reach  of  the  optical  and  mechanical 
arts  to  build  one  that  shall  fully  accomplish  the  translation  of  the 
anallactic  point  to  the  center  of  the  instrument. 

From  the  beginning  of  the  eighteenth  to  the  end  of  the  nine- 
teenth century,  what  improvements  have  been  made  to  furnish  the 
engineer  with  a  practical,  useful  and  reliable  tool  for  measuring. 
Compare  de  la  Hire's  level  with  one  of  your  modern  Y-levels. 
Compare  his  telescopic  accessories  with  the  refinements  of  to-day, 
which  seek  even  to  destroy  the  small  anallactic  difiference  in 
measuring  distances  telescopicallv.  which  could  be  so  easily  and 
readily  corrected — if  at  all  required- — b}-  a  computed  tal)le  or  slide 
rule. 


26o  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


THE  SHEARING  STKEXGTH  OF  WIRE  NAILS. 


A  Thesis:     Bv  Frank  Bates  Walker,  for  the  Degree  of  Civil 

Engineer,  and  Chas.  H.  Cross,  for  the  Degree  of  ]Mechani- 

CAL  Engineer,  University  of  Minnesota,  ]\Iay,  1897. 


[Read  before  the  Civil  Engineers'  Society  of  St.  Paul,  April  5,  1897.*] 

x^T  the  suggestion  of  Mr.  A.  W.  Muenster,  bridge  engineer 
of  St.  Paul,  the  writers  chose  for  their  graduating  thesis  the  sub- 
ject of  the  shearing  strengtli  of  wire  nails.  There  appears  to  be 
but  little  record  of  research  on  this  subject,  yet  the  nailed  joint 
or  splice  is  a  matter  of  everyday  practice,  and  some  definite 
knowledge  of  the  action  of  nails  in  this  connection  would  seem 
to  be  desirable. 

Trautwine  gives  the  only  data  on  the  subject  found  in  any 
handbook.  He  says  (on  page  425):  "Boards  of  oak  or  pine 
nailed  together  by  from  4  to  16  lo-penny  common  cut  nails  and 
then  pulled  apart  in  a  direction  lengthwise  of  the  boards  and 
across  the  nails,  tending  to  break  the  latter  in  two  by  a  shearing 
action,  required  about  300  to  400  pounds  per  nail  to  separate 
them,  as  a  result  of  many  trials."  But  this  is  not  sufficiently 
specific  to  be  of  much  practical  value. 

Experiments  were  made  by  Mr.  F.  W.  Clay,  C.  E.,  Cornell, 
'93,  on  the  shearing  strength  of  nails,  results  of  which  are  given 
in  his  thesis,  entitled  "Experiments  to  Determine  the  Holding 
Power  of  Nails  and  Drift  Bolts."  They  were  published,  also, 
in  Efigincering  Ncivs,  January  11,  1894.  Mr.  Clay's  experiments 
were  made  mainly  to  determine  the  comparative  holding  power 
of  cut  and  of  wire  nails,  pulling  them  out  in  the  direction  of  the 
length  of  the  nails. 

His  tests  for  the  shearing  strength  seem  to  have  been  merely 
a  side  issue.  We  give,  in  Tables  I  and  H,  his  experiments  on 
shear.  Tn  regard  to  l^iljle  T,  Mr.  Clay  says  that  he  did  not  drive 
the  heads  of  the  nails  up  to  a  good  bearing,  but  let  them  project 
a  little,  so  as  to  get  no  effect  of  the  head  in  the  test.  Tn  Table  TI 
the  nails  were  all  driven  the  same  depth  into  yellow  pine  and  held 
on  cleats  of  oak.  The  maximum  pressure  began  soon  after  the 
cleats  began  to  move.  Tie  does  not  state  definitely,  but  he  prob- 
ably used  cut  nails  only  in  Table  TT. 

*Manuscript  received  November  29.  1897.— Secretary,  Ass'n  of  Eng.  Sees. 


No.  of 

Nails. 

Area 
in  Wood. 

Stress 
per  Nail. 

Stress  per 
Unit  of  Area, 

3 

0.833 

846 

IOI5.6 

3 
3 

0.580 
0.566 

533 
490 

918.9 
865.7 

4 
5 
6 

0.471 
0.427 
0.330 

375 
452 
283 

796.2 
1058.5 

857.5 
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Table  I   (Ct.ay). 

Holding  power  of  wire  nails  and  of  cut  nails  subjected  to  a  shearing  strain. 

Size  Stress 

Kind  of  wood,  size,  etc.  of  Nail.  per  Nail. 

Two  slabs  of  2-inch  Georgia  pine   I2d.  cut  950 

"         "        "     "  ••  "      I2d.  wire  74S 

"         "        "     "  white  "       1 2d.  cut  90s 

"         "        "     "  ••  .;'      2od.  wire  540 

i-inch  Georgia  pine  to  5-inch  hemlock   ....  2od.  cut  870 

"  "  an..  ..  2od.  wire  647 

"  "  "      "    3-inch  oak  6(1.  cut  527 

"  "  u      ..      ..  ..      lod.  wire  526 

Table  II   (Clay). 

Resistance  to  shearing  stress  by  nails  of  different  sizes. 

Size  of 

Nail. 

5od 

2od 

i8d 

I5cl 

lod 

6d 

Prof.  R.  C.  Carpenter  made  extensive  experiments  on  the 
comparative  holding  power  of  cut  and  of  wire  nails,  and  the  results 
were  published  in  the  "Proceedings  of  the  American  Society  of 
Mechanical  Engineers,"  vol.  16,  page  1002,  under  the  title  of 
"Force  Required  and  the  Work  Performed  in  Driving  and  Pull- 
ing Cut  and  Wire  X'ails."  No  results  were  found  of  tests  on  the 
present  woods  of  construction  and  the  larger-sized  nails  and 
spikes. 

Having  given  a  resume  of  about  all  that  could  be  found  on 
the  subject  of  shear,  the  writers  will  state  briefly  how  they  con- 
ducted their  experiments  and  give  the  tabulated  results. 

About  300  experiments  in  all  were  made  on  the  various  sizes 
of  wire  nails,  including  a  few  on  7  and  8-inch  square  boat  spikes. 
The  primary  object  of  the  entire  series  of  experiments  was  to 
determine  the  maximum  allowable  stresses  which  could  be  used 
in  actual  practice  for  the  various  sizes  of  nails. 

The  experiments  were  made  as  simple  as  possible.  Two 
planed  blocks  were  nailed  together  1)y  one  or  more  nails  or  spikes 
and  then  pulled  in  the  same  manner  as  above  described  by  Traut- 
wine.  To  facilitate  the  work,  two  clamps  of  ^-inch  boiler  plate, 
bent  into  U  shape,  were  made  to  use  with  a  small  Olsen  testing 
machine  in  the  Universit}'  lal)oratory.     These  clamps  are  shown 
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in  position  on  the  machine  in  Fig.  i.  They  are  about  5  inches 
deep  and  about  6  inches  square  on  the  base.  Two  screws,  with 
hand  wheels,  grip  the  specimens  firmly  and  allow  the  pieces  to 
be  easily  removed  when  tested.  When  the  size  of  the  nail  re- 
quired blocks  larger  than  could  be  easily  held,  the  clamps  w-ere 
not  used;  the  ends  of  the  blocks  being  sawed  off  square,  they 
were  placed  between  the  pulling  head  and  the  weighing  table  of 
the  testing  machine,  the  load  being  applied  the  same  as  before. 
Care  was  taken  that  the  pressure  was  applied  directly  through 
the  nail  and  joint  in  l)oth  planes,  in  order  to  prevent  any  twisting 
motion  of  the  pieces.  In  several  cases  where  the  first  method 
was  used  the  clamps  held  2500  pounds  before  failing  to  hold  the 
pieces.     The  entire  holding  action  of  the  clamps  was  due  to  the 


Fig.   I.     Testing  jMachim.. 

friction  and  slight  crushing  of  the  test  pieces  between  the  screws 
and  the  sides  of  the  clamps. 

The  length  of  the  blocks  antl  planks  varied  from  8  to  15 
inches,  and  the  width  from  2  inches  (when  the  6-penny  nail  was 
used)  to  6  inches  (when  the  50  and  60-penny  nails  and  larger 
spikes  were  used).  In  only  one  or  two  cases  did  the  planks  split, 
and  then  the  splitting  was  not  due  to  lack  of  wddth.  The  thick- 
nesses of  the  pieces  experimented  with  were  i,  2,  3  and  4  inches, 
commercial  sizes. 

A  lead-pencil  line  was  drawn  across  the  joint  so  as  to  indi- 
cate any  movement;  and  later,  when  loads  were  read  at  the  definite 
extensions,  fine  lines  were  drawn  on  the  joint  ^  inch  a])art,  and 
the  extensions  were  read  somewhat  as  with  a  vernier.  liy  this 
means  spaces  could  be  read  up  to  T-64  inch,  if  desired,  but  nothing 
was  noted  nearer  than   1-32  inch. 
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All  surfaces  in  contact  were  planed,  in  order  to  eliminate,  as 
far  as  possible,  the  friction  of  the  jtjint.  I'here  was  no  space 
between  the  surfaces,  the  joint  being  closed  up  tightly  to  prevent 
unnecessary  bending  movement  in  the  nails.  The  sizes  of  the 
nails  used  are  given  in  Table  III,  together  with  the  sizes  as  given 
in  Carnegie  and  in  Kent. 

Table  III. 
Sizes  of  wire  nails  in  the  present  experiments. 

Aclual  No.  Dia.  Dia. 

No.  Len>;th.  Di;i.  per  lb.  Carnegie.  Kent. 

6d 2"  .110"  196  .0808  .104 

8d 2.5"  .128"  109  -0935  .116 

lOd 3"  .152"  64  .1082  .160 

i6d 3.5"  .148"  60  .1285                .144 

2od '....     4"  -197"  29  .1620                .192 

30d 4.5"  .205"  25  .1819                .212 

4od 5"  .226"  17  .2043                 .232 

5od 5.5"  .243"  13  .2294 

6od 6"  .261"  10  .2576                .276 

8od 7"  .303"  7                 

lood 8"  .366"  5                  

7"  -375"    Square,  chisel-pointed  boat  spikes. 

8"  .375" 

The  wood  was  common  Norway  and  white  pine,  sawed  in 
1896,  and  purchased  by  us  in  Minneapolis  in  March,  1897,  it 
having  lain  in  the  lumber  yard  all  winter.  At  the  beginning  of 
the  experiments  it  was  medium  dry,  but  it  became  drier  during 
the  progress  of  the  work,  as  it  was  in  a  steam-heated  building. 
The  oak  was  well  seasoned  and  brittle. 

In  each  table  are  given  the  thickness  and  the  kind  of  each 
piece  of  plank  and  each  size  of  nail  used.  In  every  case  the 
thickness  of  the  block  (or  lower  piece)  was  great  enough  to 
cover  the  point  of  the  nail.  No  more  than  this  was  necessary, 
the  width  being  sufificient  to  prevent  splitting. 

The  figures  in  the  colunm  headed  "Elastic  Limit"  (zero 
extension)  indicate  the  loads  at  wdiich  the  pieces  begin  to  move 
past  each  other,  or  the  point  where  the  nail  begins  to  bend  and 
the  wood  to  crush.  It  is  not  theoretically  the  elastic  limit,  for 
the  wood  and  nail  still  retain  some  spring.  If,  after  the  pieces 
have  moved  1-16  inch,  the  load  wdiich  caused  that  extension  be 
removed  entirely,  the  joint  retains  enough  elasticity  to  return 
practically  to  its  original  zero;  Init,  if  loaded  beyond  this  i-i6-inch 
point,  the  joint  returns  only  a  part  of  the  way  when  the  load  is 
removed.     The   colunm    marked   "Return    Unloaded"    gives   this 
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30D.  Nail  in  Oak. 


40D.  Nail  in  Oak. 


60D.  Nail  Shortened  to 
5^  IN.  IN  N.  p. 


7  IN.  Nail  in  N.  P. 


Fig.  2. 
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60D.  Nail  in  N.  P. 


50D.  Nail  in  N.  P. 


20D.  Nail  in  N.  P.  30D.  Nail  in  N.  P. 

Fig.  3. 
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7  IN.  Square  Spike  ix  W 


8   IX.    SyU.VRE    Sl'lKE    IN    \V.    P 

Fir..  3«- 
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Fig.  4.     Effect  of  Size  of  Nail. 
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Fig.  5.     Effect  of  Reducing  Length  of  Nail. 
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distance  after  the  maximum  load  has  been  appHed  and  then  re- 
moved. It  shows,  in  some  measure,  the  elasticity  of  the  joint. 
If  now  a  certain  load  or  pressure  causes  an  extension  of  I  inch, 
we  find  that  when  this  load  is  taken  off  the  pieces  will  return  about 
I -16  inch  only  by  their  own  elasticity,  it  being  necessary  to  apply 
a  slight  pressure  in  the  other  direction  to  return  them  to  their 
original  zero.  The  pressure  being  again  applied,  a  small  load 
is  sul^cient  to  bring  them  to  the  I -16-inch  point,  and  when  that 
point  is  passed  the  load  gradually  rises  to  the.  amount  supported 
at  the  1-inch  point  previous  to  the  removal  of  the  load.  This 
action  seems  to  be  practically  true  for  all  sizes  of  nails  and  spikes. 
The  action  of  the  square  spikes  is  by  no  means  as  symmetrical 
as  that  of  the  round  ones.  It  will  be  noticed  that  the  "Return 
Unloaded"  and  the  "Extension  at  Maximum  Load"  are  very 
nearly  constant  for  all  the  nails,  and  that  the  elastic  limit  is  prac- 
tically one-half  the  maximum  load. 

All  loads  are  given  in  pounds,  and  the  extensions  in  inches 
or  fractions  of  an  inch.  It  was  found  that,  after  the  load  had  been 
on  a  short  time,  the  joint  would  not  sustain  as  great  a  pressure 
as  was  required  to  move  the  pieces.  This  was  probably  due  to  a 
readjustment  of  the  internal  conditions  of  the  joint  itself.  The 
various  loads  recorded  in  all  the  tables  following  Table  IV  and 
all  tests  on  nails  larger  than  50-penny  in  Table  IV  were  read 
about  30  seconds  after  the  extensions  had  been  made.  This 
gave  the  joint  time  to  make  the  most  of  its  readjustment.  The 
readings  in  the  latter  tables  are  from  10  to  15  per  cent,  lower  than 
they  would  have  been  had  they  been  taken  inmiediately.  This 
"settling"  of  the  load  continues  during  considerable  time,  but  the 
maximum  change  takes  place  in  the  first  half-minute.  One  time 
the  test  gave  the  following  results:  Three  50-penny  nails,  in 
2^-inch  Norway  pine  plank,  were  subjected  to  a  pressure  of  600 
pounds.  In  three  hours  the  load  had  fallen  back  to  520  pounds 
(machine  was  not  moved  in  the  meantime),  and  in  48  hours  tlie 
load  sustained  was  450  pounds,  showing  a  fall  of  25  per  cent. 
Then  the  pressure  was  run  up  to  850  pounds  (the  elastic  limit  of 
the  joint),  and  in  five  days  the  load  sustained  was  780  pounds, 
showing  a  fall  of  8  per  cent. 

The  square  spike  has  the  greater  maximum  strength,  but  a 
lower  elastic  limit,  than  the  round  wire  spike. 

A  few  experiments  were  made  on  2-inch  oak  for  comparison 
with  the  other  woods. 

The  bends  of  the  nails  in  the  oak  tests  are  very  short  and 
quite  symmetrical.     They  vary   in   length   in   the   20-penny   nails 
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from  i§  to  I2  inches  for  the  same  extension  of  |  inch.  It  is  very 
interesting  to  note  the  relation  between  the  hardness  and  thick- 
ness of  the  wood,  the  length  of  the  nail  and  the  resnlting  bend. 
The  photographs  also  show  the  fibers  of  the  wood  as  alTected  b}' 
the  penetration  of  the  wire  nails,  the  ronnd  spikes  and  the  chisel- 
pointed  square  spikes.  To  find  what  length  of  nail  was  neces- 
sary to  develop  the  full  strength,  it  was  suggested  that  experi- 
ments be  made  on  50  and  60-penny  uails  diminished  in  length 
by  regular  amounts.  This  was  done,  and  the  results  with 
50-penny  nails  are  given  in  Table  V,  I'\g.  5.  It  is  seen  that  the 
elastic  limit  is  very  nearly  constant,  but  that  the  maximum  loads 
fall  off  for  the  shorter  nails. 

Table  V. 

(See  Fig.  5.) 

Effect  of  length  of  nail. 

o  ^  Length 

o  g  of  Nail 

^i-^         Nails.  Through.  Into.     Inches.  .'XNerage  Load  at  Extension  of — 

o     Vs     14     Vs     V2     Y^     H 

3  i-5od.  wire.  2^"  N.  P.  N.  P.  4>j  320  430  460  470  486  490     480 

3  i-50d.     "  2^"      "  "  4^)4  307  507  607  643  650  646 

3  i-5od.     "  2%"      '■  •'  5  300  496  570  670  700  700 

3  i-50d.     "  2^"      •'  '•  5>4  333  533  620  713  753  743 

As  might  be  supposed,  the  strength  of  a  joint  is  directly  pro- 
portional to  the  number  of  nails  in  it.  To  prove  this,  various 
experiments  were  made  (see  Table  VI),  using  a  varying  number 
of  nails.  In  regard  to  the  number  of  nails  in  a  giveu  area,  experi- 
ments were  made,  with  the  following  results:  With  50  and  60- 
penny  nails  in  2^-inch  pine,  a  distance  of  i^  inches  from  the  end 
and  I  inch  from  the  edge  was  necessary  to  prevent  splitting;  in 
the  case  of  a  6-penny  nail  and  i-inch  board,  it  required  the  nail 
to  be  f  inch  from  the  end  and  ^  inch  from  the  edge  to  prevent 
splitting.  Where  the  boards  and  planks  were  not  split  by  tlie 
driving  of  the  nail  they  developed  the  full  strength;  in  other  words, 
the  nail  sustained  as  great  a  pressure  as  though  it  were  in  the 
center  of  the  piece. 

Experiments  were  made  to  determine  the  elastic  limit  and 
crushing  strength  of  the  woods  used  (Table  VIII).  We  also  made 
an  attempt  to  determine  the  elastic  limit,  modulus  of  elasticity 
and  ultimate  strength  of  the  wire  nails,  but  without  much  success. 
.Several  nails  were  broken,  but  not  until  they  had  been  crushed 
in  the  jaws  of  the  machine.  Those  broken  averaged  90,000 
pounds  per  square  inch. 
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Table  VII. 
Loads  at  different  extensions  through  oak  plank  into  oak  block. 

No.  of 

Tests.       Nails.  Plank.  A\  oragc  Load  at  Kxtttisioii  of— 

0      Vs      14      V&       14       H      V4       Vs 

5 i-2od.  wire 2"  548    842  1126  1234  1366  1402  1408  1382 

*5 i-20d.     "    2"  528    792  994  1060  1 122  1 196  1252  1262 

U i-3od.     "    2"  578    913  1130  1193  1298  1378  1435  1478 

U i-40d.     "    2"  6831075  1380  1540  1595  1700  1793  1843 

§2 i-6od.     "    3"  715  1335  1690  1830  1890  2025  2085 

*  Holes  drilled  with  No.  15  drill,  diameter  =  0.177  inch. 
t  Holes  drilled.     Diameter  of  hole  =  0.80  diameter  of  nail. 
t  Holes  drilled.     Diameter  of  hole  =  0.200  inch. 
§  Holes  drilled.     Diameter  of  hole  =  0.21 1  inch. 

Table  VIII. 

Crushing  strengths  of  woods  used — 2-inch  cubes  with  blocks  whose  length 
was  four  times  the  diameter;  the  elastic  limit  was  approxi- 
mately equal  to  the  ultimate  strength. 

No.  of  Crushing  Load  per  Square  Inch. 

Wood  Tests.  Ma.x.  Min.  Mean. 

White  pine   4  5125  4500  4844 

Norway  pine    ....         3  6100  5625  5825 

Oak    4  6825  6387  6603 

In  the  light  of  these  few  experiments,  it  is  rather  difficult  to 
say  just  what  factor  of  safety  should  be  used.     The  value  given, 
to  each  nail  must  undoubtedly  be  under  the  elastic  limit.     Possi- 
bly the  results  given  above  will  aid  in  arriving  at  some  definite 
ideas  along  this  line. 

DISCUSSION. 

Mr.  K.  E.  Hilcard. — The  daily  newspapers  report  fre- 
quently the  failures  of  grand  stands,  speakers'  platforms  and 
builders'  scaffolds,  which  cause  panic  and  too  often  the  loss  of 
human  lives.  These  occurrences  must  necessarily  reflect  on  the 
carelessness  or  incompetency  and  ignorance  of  builders  and  those 
who  may  have  previously  passed  on  the  safety  of  such  structures. 
The  experiments  brought  before  us,  under  a  title  which  might 
possibly  be  attacked  as  a  misnomer,  tend  to  fill  a  vacancy  and 
to  supply  knowledge  in  a  direction  in  which,  so  far.  decision  has 
mostly  been  based  upon  practical  judgment  or  rough  guess- 
work. The  average  practicing  builder,  and  even  the  engineer,  is 
perhaps  not  afforded  opportunity  nor  prepared  to  make  tests  or 
experiments  for  the  purpose  of  increasing  his  knowledge.  He 
must  rely  on  precedents,  and  he  is  fortunate  indeed  if  he  can  turn 
to  some  institution  of  learning  and  find  some  ambitious  aspirant  ■ 
20 
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to  tlie  profession  ready  to  carry  on  investigation  under  practical 
guidance.  The  results  before  us,  although  not  satisfying,  are  at 
least  gratifying.  All  who  have  had  occasion  to  make  use  of 
nailed  or  spiked  joints  in  actual  practice  or  mere  design  will  fully 
appreciate  the  importance  of  the  subject.  \\'hile  the  character  of 
the  structures  just  mentioned  is  usually  temporary,  there  are  many 
cases,  even  in  highway  and  railway  bridges,  where  joints  held 
by  nails  or  spikes  are  called  upon  to  transmit  loads  or  strains  for 
years  and  years  and  under  greatly  varying  conditions.  In  view 
of  this  fact,  it  is  much  to  be  desired  that  the  series  of  experiments 
be  extended  to  cover  a  greater  variety  of  timber  used  in  construc- 
tion, and  to  observe  the  results  of  repeatedly  (suddenly  or  slowly) 
applied  and  released  loads;  the  effect  of  age  of  joint  in  various 
stages  of  seasoning  of  the  timber;  the  effect  of  water-soaking  (once 
or  repeated)  of  pieces  joined,  and  possibly  the  effect  of  extreme 
temperatures.  Like  other  conclusions  to  be  drawn  from  experi- 
ments, they  nuist  be  based  on  a  great  number  of  the  latter  in  order 
to  be  of  practical  value.  From  the  description  of  the  manner  of 
testing,  it  would  appear  that  in  the  case  of  the  blocks  for  which 
the  clamps  were  not  used  the  bending  movement  due  to  eccentric 
application  of  load  was  not  entirely  eliminated.  However,  results 
from  tests  including  eccentric  application  of  load  properly  an- 
alyzed and  classified  might  prove  fully  as  valuable,  inasmuch  as 
few  cases  occur  in  actual  practice  which  are  free  from  sucli  a 
condition.  The  necessity  of  altering  or  elaborating  the  formulse 
so  far  derived  would  undoubtedly  appear,  in  order  to  cover  a  larger 
scope  of  practical  utility.  \Miile  the  experiments  can,  therefore, 
not  be  considered  to  cover  the  question,  they  are  decidedly  inter- 
esting, meritorious  and  worthy  of  encouragement  by  the  profes- 
sion. 

Mr.  a.  W.  Muenster. — These  records  of  experiments  on  the 
shearing  strength  of  nailed  wooden  joints  by  Messrs.  Walker  and 
Cross  will  be  received,  I  believe,  with  general  interest  by  engi- 
neers. 

Some  years  ago  I  connnenced  to  look  for  data  in  regard  to 
the  shearing  strength  of  nails  in  wood,  and  was  very  much  sur- 
prised to  find  that  practically  no  investigation  had  been  made  on 
this  subject,  which  I  considered  one  of  some  importance,  and  I 
wish  to  thank  the  gentlemen  who  have  presented  the  above  paper 
to  our  Society  for  their  interesting  work.  Considering  the  lim- 
ited time  at  their  disposal,  the  main  points  within  the  given  range 
of  these  exjjcriments  are  very  well  covered.  Future  tests  must 
determine  the  causes  of  differences,  other  than  the  olivious  ones, 
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between  parallel  experiments.  That  these  differences  should  be 
considerable  was  only  to  be  expected  where  one  of  the  materials 
of  the  composition — wood — is  known  to  be  of  variable  quality, 
not  only  within  the  same  species  and  the  same  loi^,  but  within  the 
same  specimen  at  different  degrees  of  seasoning.  If  I  am  not 
mistaken,  the  last  condition  will  account  for  some  of  the'  greatest 
variations  in  the  tests,  and  it  is  very  desirable,  if  the  experiments 
can  be  continued — as  I  hope  they  will  be — that  attention  should 
be  paid  to  this  point. 

The  influence  of  the  degree  of  seasoning  is  shown  best,  per- 
haps, in  comparing  the  different  tests  of  the  5|-inch  and  6-inch 
nails. 

The  3-inch  and  4-inch  planks  used  were,  in  the  beginning, 
less  thoroughly  seasoned,  presumably,  than  the  thinner  boards 
and  planks  used  for  the  smaller  nails,  and  the  sustained  loads 
were  unexpectedly  low  in  comparison.  After  several  weeks  the 
experiments  were  repeated,  with  the  results  shown  in  Table  IV 
and  in  Table  V.  The  materials  used  were,  to  all  appearances, 
of  the  same  quality  as  in  the  earlier  tests  of  the  same  nails,  but 
had,  in  the  meantime,  seasoned  in  a  steam-heated  room. 

Another  apparent  cause  of  variation  is  the  length  of  nail  in 
the  lower  plank,  a  point  that  I  shall  refer  to  later. 

In  order  to  get  immediately  available  results  from  the  test 
for  my  own  use,  I  have  studied  the  experiments  and  tried  to  make 
some  deductions. 

The  tests  on  the  elastic  limit  and  ultimate  strength  of  the 
metal  in  the  nails,  and  of  the  wooden  specimens  used  in  the  experi- 
ments, were  made  for  the  purpose  of  discovering,  if  possible,  some 
relation  between  these  values  and  the  shearing  strength  of  the 
joint.  On  inspection  of  the  test  records,  it  is  evident  that  some 
other  quality  in  the  wood  than  its  resistance  to  compression  in 
direction  of  the  fibers  determines  the  shearing  value  of  the  nail 
in  it.  While  the  tests  of  Norway  pine  show  an  ultimate  crushing 
strength  about  21  per  cent,  greater  than  that  of  white  pine,  there 
is  practically  no  difference  between  the  shearing  of  nails  in  either. 
The  oak,  with  only  about  36  per  cent,  crushing  strength  greater 
than  that  of  white  pine,  gave  a  shearing  value  for  the  nail  greater 
by  from  no  to  130  per  cent.  This  great  difference  is,  no  doubt, 
caused  by  the  dift'erence  in  structure  between  the  woods.  The 
pines  are  built  up  of  alternate  layers  of  hard  and  soft  wood,  per- 
mitting the  fibers  to  yield  more  easily  than  the  homogeneous 
fibers  of  the  oak.  That  it  is  the  quality  of  this  soft  fiber  in  the 
pines  that  largely  determines  the  resistance  is  borne  out  also  bv 
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the  statement  of  the  authors  that  the  nails  seemed  to  have  the 
same  value  whether  strained  along  or  across  the  fiber,  and  still 
farther  evidenced  by  the  slight  difference  shown  by  the  nails  in  sap- 
wood.  (See  Table  IV.)  It  will  be  necessary  to  establish  a 
coefficient  for  each  kind  of  wood  by  actual  experiment. 

Th&  bend  in  the  nails,  after  ultimate  tests,  shows  great  regu- 
larity in  length  and  form.  A  number  of  measurements  of  these 
bends  would  seem  to  show  a  fairly  constant  relation  between  the 
diameter  of  the  nail  and  the  length  of  the  bend,  and  this  may  be 
of  some  assistance  in  the  construction  of  a  formula  giving  the 
amount  of  resistance. 

The  experiments  with  the  shortened  50-penny  and  6o-penny 
nails  (see  specimen  No.  183,  Fig.  3)  show  that,  in  order  to  get 
the  full  strength  of  the  joint,  the  point  of  the  nail  should  extend 
far  enough  into  the  under  plank  to  prevent  any  sideway  move- 
ment of  the  nail  point  and  to  develop  the  double  bend  in  the  nail, 
and  that  this  will  require  a  minimum  length  of  from  10  to  12 
diameters  for  white  and  Norway  pine,  less  for  the  harder  woods, 
and  correspondingly  more  for  softer  and  more  porous  timber. 

The  lack  of  this  proportion  will,  I  think,  account  for  some 
tests  considerably  below  the  expected  average. 

Evidently  the  strength  of  this  composite  joint  is  made  up 
of  a  good  many  elements — of  the  qualities,  dimensions  and  relative 
arrangement  of  the  materials — and  it  will  take  a  much  larger 
number  of  experiments  and  observations  to  discover  the  true 
relation  of  these  elements. 

However,  in  order  to  make  the  present  experiments  avail- 
able for  use,  it  is  desirable  to  formulate  some  empirical  expres- 
sion that  will  give  values  for  the  varying  diameters  adopted  by 
the  different  nail  manufacturers,  and  that  will  conform  approx- 
imately to  the  averages  of  the  tests. 

The  formula  Cd~,  where  d  =  diameter  of  nail  in  inches  and 
C  a  coefTficient  derived  from  the  experiment,  would  seem  to  follow 
the  test  values  fairly  well.  For  the  point  that  we  may  call  the 
elastic  limit  of  the  joint,  for  want  of  a  better  expression,  the 
coefficient  would  be  about  5500  for  the  white  and  Norway  pine, 
varying  probably  from  4000  for  green  sap  timber  to  about  6500 
for  thoroughly  seasoned  wood.  The  experiments  on  the  oak 
timber  show  clearly  how  the  hardness  of  the  timber  affects  the 
strength  of  the  joint,  but  is,  I  should  judge,  considerably  above 
the  average,  as  the  oak  was  thoroughly  seasoned  and  so  hard  that 
it  was  impossible  to  drive  into  it  any  nail  above  20-penny  size 
without  first  drilliiu^  a  hole. 


Diani. 

Experinient,-\1 
Elastic  Limit. 
Pounds. 

Elastic  Limit 

by  formula 

5500  X  d^. 

Pounds. 

O.II 

55 

67 

0.128 

88 

90 

0.152 

112 

127 

0.148 

112 

120 

0.197 

218 

212 

0.205 

226 

231 

0.226 

275 

280 

0.243 

342 

324 

0.261 

362 

373 

0.303 

500 

506 

THE  SHEARING  STRENGTH  OF  WIRE  NAILS.  277 

The  coefficient  for  oak,  as  deduced  from  the  few  experiments, 
would  be  13,500  for  the  elastic  limit. 

The  following  table  gives  the  experimental  value  of  the 
elastic  limit  averaged  from  all  the  tests,  and  also  the  correspond- 
ing values  obtained  by  the  formula  suggested  above: 


Nails.  Length. 

6d 2" 

8d 21V' 

lod 3" 

i6d 3y2" 

2od 4" 

30d 4;^" 

40d 5" 

50d S'A" 

6od 6" 

Sod 7" 

The  tests  show  what  might  indeed  be  expected — that  in  a 
joint  containing  10  or  more  nails  each  nail  may  be  reckoned  at 
its  full  value,  and,  what  is  of  special  practical  importance,  that 
6-inch  nails  may  be  spaced  i-J  inches  c  to  c,  or  about  4  diameters, 
and  within  the  same  distance  to  edge  of  timber,  without  impair- 
ing the  strength  of  the  joint.  For  the  smaller  nails  this  distance 
could  presumably  be  reduced  in  proportion  to  the  diameter. 

The  time  test  shows  that  there  would  be  a  certain  extension 
of  the  joint  under  the  load,  called  the  elastic  limit,  after  sufficient 
lapse  of  time,  but  this  movement  would  probably  not  exceed  1-40 
to  1-20  inch,  and  could  hardly  be  considered  of  any  moment  in 
ordinary  wooden  construction. 

What  shall  be  considered  allowable  stress  on  such  a  nail 
joint  will,  of  course,  depend  on  the  more  or  less  temporary  char- 
acter of  the  structure,  but  from  60  to  80  per  cent,  of  the  elastic 
limit,  it  seems  to  me,  would  be  a  safe  load. 

It  is  highly  desirable  that  these  tests  should  be  continued, 
and  the  experiments  extended  to  other  structural  timber  and  to 
the  larger  sizes  of  wire  nails,  say  from  7-inch  to  lo-inch. 
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PROCEEDINGS. 


Boston  Society  of  Civil  Engineers. 

May  19,  1897. — A  regular  meeting  of  the  Society  was  held  at  Chipman 
Hall,  Tremont  Temple,  Boston,  at  8  p.m.  Ninety-eight  members  and 
visitors  present. 

President  Dexter  Brackett,  on  assuming  the  chair,  thanked  the  mem- 
bers for  the  honor  conferred  upon  him  in  electing  him  to  the  presidency 
for  the  coming  year. 

The  record  of  the  last  meeting  of  the  Society  was  read  and  approved. 

Messrs.  Frank  B.  Bourne,  Ernest  W.  Branch,  Ralph  H.  Chambers,. 
Francis  A.  Dennette,  John  O.  De  Wolf,  Charles  H.  Gannett,  Herbert  L. 
Ripley,  Ernest  W.  Wiggin,  and  Herbert  A.  Wilson  were  elected  members 
of  the  Society. 

The  Secretary  read  a  short  paper  by  Mr.  Clemens  Herschel,  giving  the 
history  of  the  origin  of  the  Chezy  Formula  for  the  flow  of  water  in  chan- 
nels and  conduits.  A  brief  discussion  of  the  paper  by  Mr.  E.  B.  Weston 
was  also  read. 

Mr.  A.  Lawrence  Rotch.  director  of  the  Blue  Hill  Meteorological  Ob- 
servatory, was  then  introduced  and  read  a  very  entertaining  paper,  entitled 
"An  Account  of  the  Meteorological  Investigations  in  the  Upper  Air  made 
at  the  Blue  Hill  Observatory."  The  paper  was  supplemented  by  a  series  of 
beautiful  lantern  slides  showing  the  principal  meteorological  observatories 
of  the  world  and  the  apparatus  used  at  the  Blue  Hill  Observatory. 

The  thanks  of  the  Society  were  voted  to  Mr.  Rotch  for  his  interesting 
paper,  and  to  him  and  ^Ir.  H.  H.  Clayton  for  courtesies  shown  the  mem- 
bers this  afternoon  during  the  visit  to  the  Blue  Hill  Observatory. 

Adjourned. 

S.  E.  TiNKHAM,  Secretary. 


Civil  Engineers'  Club  of  Cleveland. 


July  13.  1897. — fleeting  of  the  Civil  Engineers'  Club  of  Cleveland,  in 
the  rooms  of  the  Club,  Case  Library  Building,  Tuesday  evening,  July  13, 
1897,  President  Ritchie  in  the  chair. 

Present,  thirty-one  members  and  six  visitors. 
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The  minutes  of  the  last  meeting  were  read  and  approved. 

Charles  O.  Palmer  and  August  A.  Honsberg  were  appointed  tellers  to 
canvass  the  ballots  for  the  election  of  new  members. 

The  Executive  Board  reported  the  approval  for  active  membership  of 
Charles  Warren  Comstock  and  John  William  Easton. 

Mr.  William  H.  Searles  reported  as  chairman  of  the  Committee  on 
Arrangements  for  meeting  the  excursion  of  the  Ohio  Institute  of  Mining 
Engineers,  which  took  place  on  the  i6th,  17th,  and  i8th  of  June. 

Dr.  Langley  being  absent,  Mr.  F.  A.  Coburn  reported  for  the  Com- 
mittee on  Annual  Outing. 

;\fr.  William  E.  Reed  presented  the  paper  of  the  evening,  entitled  "The 
40-inch  Equatorial  of  the  Yerkes  Observatory." 

It  was  a  very  complete  description  of  the  great  telescope  and  the 
observatory  in  which  it  is  mounted,  illustrated  by  half-tones  from  photo- 
graphs taken  during  the  erection  and  of  the  completed  structure.  An 
interesting  discussion  followed,  in  which  Dr.  Dayton  C.  Miller,  W.  R. 
Warner,  and  others  took  part. 

]\Iessrs.  George  Isaac  Allen,  William  Sanford  Bidle,  Lord  Mortimer 
Coe,  John  Nash  Coffin,  Charles  Ithamar  Dailey,  Ernest  Wintield  Hulet, 
Arthur  Cameron  Johnston,  Francis  Henry  Prentiss,  William  Emerson 
Schroeder,  George  Edgar  Titcomb,  and  Rollin  Henry  White  were  reported 
as  elected  to  active  membership. 

On  motion,  it  was  voted  to  adjourn  to  the  September  meeting. 

After  the  meeting  a  light  lunch  was  served. 

F.  A.  CoBURX,  Secretary. 


r>etroit  Eiigiueeriiig  Society. 


Detroit,  ]Mich.,  July  23,  1897. — The  regular  monthly  meeting  was 
held  at  the  Hotel  Ste.  Clair,  Vice-President  Alex.  Dow  presiding,  and 
twenty-two  members  and  two  visitors  present.  The  Executive  Commit- 
tee reporting  favorably  upon  the  application  of  A.  B.  Raymond,  he  was 
elected  to  resident  membership.  The  same  committee  announced  that  the 
August  meeting  would  be  omitted,  in  accordance  with  a  recommendation 
of  the  President,  and  noticed  a  by-law  relating  to  dues  of  members  joining 
the  Society  during  the  last  half  of  the  year,  to  be  voted  upon  at  the  next 
regular  meeting.  The  Executive  Committee  further  reported  that  the 
Library  Committee  had  submitted  its  report,  and  recommended  that  the 
work  be  continued  by  a  committee  of  three.  Upon  resolution,  the  report 
of  the  Executive  Committee  was  adopted,  and  the  following  committee 
was  announced:  Mr.  Willard  Pope,  chairman,  and  Messrs.  George  Matts- 
son  and  Henry  E.  Whitaker.  Five  applications  for  resident  membership 
were  received  and  referred  to  the  Executive  Committee.  The  Secretary 
read  a  letter  from  United  States  Senator  James  McMillan,  acknowledging 
the  receipt  of  resolutions  of  the  Society  relative  to  the  duty  on  foreign 
scientific  works,  and  promising  consideration  of  the  same. 

The  Society  then  listened  to  a  talk  by  Mr.  George  Y.  Wisner  on 
"Economical  Engineering  Construction,"  being  a  description  of  river  and 
harbor  improvement  work  on  the  Mississippi  river  and  the  Gulf  of  Mexico, 
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Avhich  led  to  a  discussion,  participated  in  by  Messrs.  Dow,  Cooley,  Dunlap, 
Williams,  Keep,  Hitchcock,  and  Wisner. 
Adjourned. 

G.\RDNER  S.  Williams,  Secretary. 


Montana  Society  of  Kngine<'rs. 

A  SPECIAL  MEETING  of  the  Society  was  held  in  the  G.  A.  R.  Hall,  in 
Helena,  on  June  26,  1897,  to  which  the  public  was  invited.  The  hall  was 
well  filled  with  an  appreciative  audience  At  8.30  p.m.  Mr.  F.  L.  Sizer, 
chairman  of  the  evening,  announced  Prof.  L.  S.  Griswold,  who  would 
deliver  a  lecture  upon  the  ''Geology  of  Helena  and  Vicinity."  Professor 
Griswold  has  spent  the  past  year  in  examining  and  classifymg  the  forma- 
tions in  the  vicinity  of  Helena,  and  his  work  has  been  very  thorough  and 
complete.  Specimens  of  different  geological  formations  were  shown  the 
audience  during  the  lecture.  The  lecture  was  illustrated  by  charts  and 
lasted  about  one  hour,  after  which  Mr.  R.  H.  Chapman,  of  the  United 
States  Geological  Survey,  was  introduced,  who  delivered  a  short  address 
upon  what  that  department  has  done  and  is  doing  in  Montana.  The  first 
surveys  were  made  in  1882,  and  16  sheets  have  been  published,  embracing 
38,000  square  miles.  A  party  is  now  outfitting  in  Helena,  which  will  extend 
ttie  system  of  triangulations,  after  which  topographical  surveys  will  be 
made.  Five  parties  will  be  placed  in  the  field  in  dififerent  parts  of  the 
state.  Mr.  vValter  H.  Weed,  United  States  Geologist,  is  now  in  the  state 
and  will  remain  during  the  season,  engaged  in  geological  work. 

After  the  lectures  a  short  business  session  was  held,  Mr.  Finlay  Mc- 
Rae  presiding.  Peter  C.  Kettle,  of  Belt;  George  R.  Metlen,  of  Dillon,  and 
Arthur  W.  Warwick,  of  Wickes,  were  elected  members. 

There  were  five  applications  for  membership,  which  were  favorably 
considered,  as  follows:  Messrs.  Frank  Beach,  S.  H.  Crookes,  E.  C.  Kin- 
ney, A.  L.  Dean,  and  W.  H.  Williams.  A  unanimous  vote  of  thanks  was 
extended  to  the  speakers  of  the  evening. 

A.  S.  HovEY,  Secretary. 


The  regular  monthly  meeting  of  the  Society  was  held  in  the  office  of 
Hovey  &  Bickel,  in  the  Merchants'  National  Bank  Building,  Helena,  July 
10,  1897.  Mr.  F.  L.  Sizer  was  elected  chairman  for  the  evening.  The 
minutes  of  the  last  meeting  were  i'ead  and  approved,  after  which  Messrs. 
Keerl  and  Taylor  were  appointed  tellers  to  canvass  the  letter  ballots.  There 
were  30  ballots,  all  affirmative,  and  the  President  announced  the  following- 
named  gentlemen  elected  members,  viz:  Profs.  Frank  Beach  and  W.  H. 
Williams,  of  the  State  Agricultural  College  at  Bozeman;  Mr.  S.  H.  Crooks, 
county  surveyor  of  Park  county;  Mr.  A.  L.  Dean,  superintendent  of  the 
United  Smelting  and  Refining  Company,  and  Mr.  Edward  C.  Kinney,  civil 
engineer,  residing  at  Manhattan,  Mont. 

Resolutions  were  passed  that  the  members  just  elected  and  others  that 
may  be  elected  during  the  latter  half  of  the  present  year  be  required  to 
pay  only  semi-annual  dues,  in  addition  to  the  usual  entrance  fee  of  $5,  and 
that  they  receive  the  Journal  of  the  Association  for  only  the  latter  half 
of  the  year  at  the  Society's  expense,  but  if  the  Secretary  is  immediately 
notified  he  will  order  back  numbers  from  the  beginning  of  the  year  at  the 
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additional  charge  to  the  member  of  $1.50.  The  Society,  through  the  cour- 
tesy of  Mr.  John  F.  Davies,  librarian  of  the  Butte  Free  Public  Library,  is 
the  recipient  of  a  special  index  containing  a  list  of  books  pertaining  to 
engineering  and  architecture  on  file  in  said  library.  This  list  was  pre- 
pared at  the  request  of  the  Society  at  considerable  labor  by  the  librarian. 
The  list  shows  689  volumes  of  books  upon  engineering.  Members  of  the 
Society  in  Butte  were  consulted  and  assisted  in  making  the  selection.  The 
librarj'  doubtless  has  as  choice  and  valuable  selection  of  technical  books 
upon  this  subject  as  any  library  in  the  West- — in  fact,  as  can  be  found  in 
many  of  the  large  Eastern  cities. 

The  Society  tendered  a  vote  of  thanks  to  Mr.  J.  F.  Davies. 

Mr.  Titus  Ulke,  of  the  United  States  Geological  and  Topographical 
Survc}',  gave  a  brief  description  of  the  work  commenced  and  what  is  to  be 
done  during  the  present  season  in  his  department. 

The  Secretary  was  directed  to  make  arrangements  for  an  address  by 
]Mr.  Louis  Miller  and  an  exhibition  of  his  current  water-wheel,  a  recent 
invention,  which  is  attracting  considerable  attention.  It  was  suggested  that 
the  Ten-Mile  Creek,  near  the  Broadwater  Hotel  and  Natatorium,  would  be 
a  good  site  for  the  exhibition. 

Members  are  urgently  requested  to  forward  to  the  Secretary,  to  be 
placed  on  file,  all  articles  pertaining  to  county  surveyors  or  road  legisla- 
tion, or  other  engineering  matters  which  may  appear  in  the  newspapers  of 
the  State,  thus  calling  attention  to  matters  which  may  be  of  importance 
and  which  otherwise  would  be  frequently  overlooked. 

A.  S.   HovEY,  Secretary. 


8uiiiiner  Excursion  of  the  Ensineers'  Club  of  St.  Louis. 


On  the  afternoon  of  Saturday,  July  17.  1897,  the  Engineers'  Club  of 
St.  Louis,  through  the  kindness  of  Mr.  J.  A.  Ockerson,  was  invited  to  an 
excursion  down  the  river  to  inspect  the  new  Government  dredge-boats  now 
being  tested  at  the  lower  end  of  the  city.  The  steamer  "Mississippi,"  with 
about  seventy-five  members  of  the  Club  on  board,  left  her  wharf  shortly 
after  12  o'clock  and  proceeded  down  stream  toward  the  point  where  the 
dredge-boats  were  operating.  Immediately  after  leaving  a  delightful  lunch 
was  sei'ved.  A  stop  was  first  made  at  the  dredges  "Alpha"  and  "Beta," 
which  are  now  undergoing  repairs  on  the  west  bank  of  the  river.  The 
general  principle  upon  which  all  of  these  dredges  operate  is  that  of  the 
centrifugal  pump.  The  sand  in  front  of  the  boats  is  first  stirred  up  by 
water-jets,  scrapers,  or  cutters  into  a  sludge,  and  then  pumped  by  a  cen- 
trifugal pump  through  the  boat  and  into  a  pipe  leading  from  the  rear  end 
of  the  boat.  This  pipe  is  floated  between  pontoons,  and  may  be  adjusted 
to  deliver  the  discharge  at  any  desired  point.  The  principle  of  the  cen- 
trifugal pump  is  the  essential  one  in  all  of  the  dredges,  although  they  differ 
quite  widely  as  to  the  details  of  the  machinery.  The  "Alpha"  was  the  first 
of  these  boats  to  be  built.  The  "Beta"  was  the  second,  and  is  the  largest 
dredge-boat  ever  constructed.  It  was  guaranteed  by  the  builders  to  have 
a  capacity  to  handle  2400  cubic  yards  of  sand  per  hour,  but  on  test  it 
handled  7400  cubic  yards  in  this  time. 

After  these  dredges  had  been  inspected  the  "Mississippi"   steamed  to 
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the  otlicr  side  of  tlic  river,  where  tiie  "Gamma"  and  "Delta"  are  now 
making  their  endurance  test.  Here  the  practical  operation  of  the  dredges 
was  illustrated.  The  suction  pipe  was  raised,  and  the  methods  of  handling 
the  different  machines  and  the  plans  for  anchoring  the  boat  and  for  feeding 
the  suction  pipe  forward  were  shown.  One  of  these  boats  uses  jets  of 
water  for  stirring  up  the  sand,  and  the  other  uses  a  revolving  scraper. 

A  stop  was  next  made  at  the  snag-l)oats  "Macomb"  and  "Wright," 
where  methods  for  removing  snags  from  the  river  bed  were  illustrated. 

The  day  was  an  ideal  one.  and  all  who  were  fortunate  enough  to  be  on 
the  steamer  "Mississippi"  thoroughly  enjoyed  the  excursion.  A  vote  of 
thanks  to  Mr.  J.  A.  Ockerson,  the  host,  was  carried  by  a  unanimous  vote. 

Richard  McCulloch,  Secretary. 
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Boston  Society  of  ("ivil  lOiis^iiUMM-s. 


June  16,  1897. — A  regular  meeting  of  the  Society  was  held  at  Chipinan 
Hall,  Tremont  Temple,  Boston,  at  8  o'clock,  p.m.  President  Dexter  Brack- 
ett  in  the  chair.     Eighty  members  and  visitors,  including  ladies,  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  George  B,.  Francis  and  Al])heus  M.  Johnson  were  elected  mem- 
bers of  the  Society. 

The  thanks  of  the  Society  were  voted  to  the  officials  of  the  Boston  and 
Maine  Railroad  for  the  courtesies  extended  by  them  to  the  members  taking 
part  in  the  excursion  to  the  Middlesex  Falls  this  afternoon. 

Prof.  C.  Frank  Allen  then  read  the  paper  of  the  evening,  entitled 
"Railroads:  Their  Development  and  ^Methods  of  Location."  The  paper  was 
very  fully  illustrated  by  lantern  slides,  showing  early  as  well  as  modern 
types  of  locomotives  and  cars.  ty])es  of  rails  and  rail-joints  and  railroad 
locations  in  this  country  and  abroad. 

Adjourned. 

S.  E.  TiNKiiAM,  Secretary. 


Tcchiiic'ul  Society  of  thv  l*;u'ific  ('(KLst. 


S.\N  Francisco,  Cal.,  August  6,  1897. — Regular  meeting  called  to 
order  at  8.30  r.M.  by  Past  President  Richards. 

The  minutes  of  the  last  regular  meeting  were  read  and  a])])roved. 

Mr.  George  D.  Blood,  mining  engineer,  of  Iowa  Hill,  Placer  Co.,  Cali- 
fornia, was  declared  elected  after  a  count  of  ballots. 

The  paper  presented  by  Mr.  James  D.  Schuyler  aiul  read  at  the  June 
meeting  by  the  Secretary,  entitled  '"The  Construction  of  the  liemet  Dam," 
was  reviewed  by  Mr.  C.  E.  (}runsky  and  <)])ened  for  a  general  discussion, 
which  took  up  the  evening. 

It  was  ni()\ed  and  seconded  that  the  h'xecutive  Committee  be  in- 
structed to  communicate  with  Professor  [""rank  Soule  and  to  request  him 
to  obtain  from  the  Board  of  Regents  of  the  University  of  California  the 
pri\-i]egc  of  i)rei)aring  all  the  available  data  of  his  college  on  Pacific  Coast 
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Timber  Tests  into  a  paper,  to  be  read  before  the  Society  and  published  with 
its  transactions.     Carried. 

The  Secretary  thereupon  read  the  reprint  of  a  report  by  City  Engineer 
Dockweiler,  of  Los  Angeles,  on  the  deterioration  of  the  iron,  cement,  and 
brick  work  in  the  Outfall  Sewer  System  of  that  city,  caused  by  the  accumu- 
lation of  sulphuretted  hydrogen  gas  in  the  sewer. 

The  Secretary  was  instructed  to  write  to  Mr.  Dockweiler  and  to 
obtain  from  him  further  information  and  more  of  the  facts  and  data  re- 
garding these  ravages. 

An  excursion  to  Mt.  Tamalpais  having  been  planned  by  the  Executive 
Committee,  it  was  agreed  that  the  committee  appointed  to  arrange  this 
outing  have  further  time  and  report  to  the  Directors  any  adopted  plan  for 
the  purpose. 

Adjourned. 

Otto  von  Geldern,  Secretary. 
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31oiit{xiia  Society  of  Engineers. 


In  view  of  resolutions  passed  by  the  Society,  March  13,  1897,  a  special 
meeting,  to  which  all  the  county  surveyors  and  county  commissioners  of 
the  state  had  been  invited,  was  held  in  the  court  house  of  Lewis  and  Clarke 
county,  at  Helena,  March  30,  1897.  John  W.  Wade,  county  surveyor  of 
Lewis  and  Clarke  county,  called  the  meeting  to  order  at  10  a.m. 

ADDRESS   BY   JOHN   W.    WADE. 

"The  State  Legislature,  just  adjourned,  has  given  great  prominence  to 
the  road  problem  by  enacting  laws  radically  changing  almost  every  feature 
of  previous  regulations  as  to  the  maintenance  of  roads,  and  by  this  new 
departure  county  surveyors  are  now  entrusted  with  the  care  of  the  entire 
system  of  wagon  roads  in  the  state. 

"The  average  engineer  may  well  fear  the  result  of  over-engineering, 
for  it  will  be  a  very  easy  and  natural  mistake  to  apply  too  rigidly  the  prin- 
ciples of  engineering  to  the  maintenance  of  public  highways;  this  is  espe- 
cially true  of  Montana  at  present  because  of  the  crude  condition  of  our 
roads  from  an  engineering  standpoint.  On  the  other  hand,  there  is  dan- 
ger that,  having  found  it  impracticable,  if  not  impossible,  to  use  mathe- 
matical precision  in  many  problems  that  will  confront  us,  and  despairing 
of  ever  securing  professional  order  in  tlie  held  and  in  the  office,  we  will 
pigeon-hole  our  professional  knowledge  and  'go  it  by  rule  of  thumb,'  as 
road  supervisors  have  done  before  us,  with  this  difiference,  possibly,  that 
we  will  use  less  common-sense. 

"I  think  it  can  be  easily  shown  that  our  greatest  trouble, — to  prove 
this  law  is  a  wise  one, — will  be  in  these  first  years;  for  after  the  grades 
and  alignments  are  once  fixed  and  approved  by  the  county  commissioners 
it  will  be  but  the  work  of  a  few  years  to  cut  and  fall  to  the  grades  adopted 
and  to  make  the  necessary  changes  in  the  location  of  the  road  itself. 

"We  are  to  decide  in  many,  very  many,  instances  whether  for  all  time 
the  public  shall  be  compelled  to  go  hundreds  of  yards  in  extra  travel — and 
miles,  it  may  be — in  order  to  preserve  intact  Mr.  Johnson's  calf  pasture, 
or   Mr.    Bilkin's   pig  pen   or  potato   patch,   or   whether   it   were   better   to 
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recommend  at  once  condemnation  of  some  small  enclosure,  or  a  lar^e 
one  if  need  be,  in  order  that  a  road  may  be  placed  for  the  convenience  of 
the  public  where  it  rightfully  belongs. 

"We  are  to  use  our  knowledge  of  the  general  topography  of  the  state 
in  the  matter  of  fixing  the  position  and  general  direction  of  the  principal 
roads,  having  regard  to  the  coincidence  of  the  same  from  county  to  county, 
so  that  finally  our  great  state  shall  have  what  nature  fitted  her  for, — the 
grandest  system  of  roads  in  America. 

"In  many  other  states  there  is  great  difficulty  in  the  matter  of  drainage, 
because  of  the  flatness  of  the  general  surface;  we  have  difficulty  here  in  this 
thing  only  because  of  the  ignorance  of  the  average  road  builder.  It  is  no 
fault  of  the  topography. 

"In  other  states  also  much  difficulty  is  experienced  in  the  matter  of 
surface  material,  because  of  the  unsuitableness  of  the  average  soil  for  road- 
beds. We  have  difficulty  on  the  same  line  only  because  the  average  road 
builder  seems  not  to  have  seen  that  almost  any  class  of  earth  or  other 
material  in  Montana  will  make  a  good  road  if  only  it  be  properly  surfaced 
and  drained. 

"I  suggest  for  your  thought  and  discussion  the  following  topics,  that 
if  their  importance  shall  warrant  they  may  be  given  to  the  proper  com- 
mittee or  otherwise  be  brought  before  the  convention,  as  shall  seem  wisest 
to  you: 

"(i.)  Organization  and  order  of  business.  (2.)  Blanks  to  conform 
to  the  new  laws.  (3)  Road  oversight.  (4.)  Apportionment  of  work, 
with  reference  to  county  as  a  whole.  (5.)  Road  machinery — what  will  be 
most  economical  and  effectual  implements?  (6.)  Matter  of  records — what 
is  the  best  form  of  notes  and  plat?" 

Hon.  Fred  Whiteside  then  took  the  chair  and  Paul  S.  A.  Bickel  acted 
as  secretary. 

Preliminary  to  the  work  of  the  convention  the  Chairman  appointed 
the  following  committees: 

Organization — H.  B.  Davis,  F.  H.  Ray,  Lewis  Penwell,  E.  Beach, 
E.  M.  Wardwell,  Ed.  S.  Bond,  J.  W.  Wade. 

Blanks  to  Conform  to  New  Laws — Lewis  Penwell,  H.  S.  Hyatt,  A.  L. 
Jaqueth,  J.  W.  Wade,  Lee  Word. 

Manner  of  Utilizing  Road-tax  Workers — J.  Larson,  H.  C.  Freeman, 
William  H.  Risk. 

Road  Oversight  and  Information — Albert  S.  Hovey,  H.  B.  Davis, 
Charles  Helmick. 

Apportionment  of  Road  Work — William  Muth,  A.  L.  Jaqueth,  A.  E. 
Gumming. 

Road  Machinery — J.  W.  Wade,  H.  B.  Davis,  H.  C.  Freeman. 

Plats  and  Records— J.  S.  Keerl,  Finlay  McRae,  T.  T.  Baker. 

Grades  and  Drains — H.  B.  Davis,  A.  L.  Jaqueth,  George  K.  Reeder. 

Surveyor'  Accounts  with  County — Keerl.  Benjamin,  Hyatt. 

Legislation — Lewis  Penwell,  George  BrufTy,  Lee  Word,  F.  H.  Ray, 
J.  S.  Keerl. 

The  appointment  of  the  committees  completed  the  work  of  the  morn- 
ing, and  an  adjournment  was  taken  until  2  p.m. 

At  2  P.M.  the  meeting  was  called  to  order  by  A.  E.  Gumming,  chair- 
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man;  A.  S.  Hovey,  secretary.  A  programme  was  laid  out  for  the  evening 
session,  which  was  to  be  the  most  important  of  the  convention.  There 
was  some  informal  discussion,  but  the  principal  topics  were  laid  over  until 
evening. 

The  Secretary  reviewed  the  proceedings  of  the  Montana  Society  of 
Engineers  in  the  matter  of  county  surveyors  and  road  laws.  This  matter 
was  first  taken  up  by  the  Society  at  its  annual  meeting  on  January  14, 
1893,  at  which  time,  on  motion  of  Mr.  J.  S.  Keerl,  a  committee  of  three, 
consisting  of  Messrs.  Wheeler,  Page,  and  Jones,  was  appointed  to  prepare 
a  memorial  to  present  to  the  Legislature,  and  to  draft  suitable  bills  regu- 
lating the  compensation  of  county  surveyors.  The  bill  was  not  prepared 
in  time  for  presentation  to  the  Legislature  during  that  session.  The  matter 
was  again  resumed  by  the  Society,  on  October  13,  1894,  and,  through  the 
untiring  efforts  of  Messrs.  E.  R.  McNeill,  F.  P.  Gutelius,  and  Mr.  Ray,  of 
the  Good  Roads  Association,  House  Bills  Nos.  356  and  124  were  finally 
passed  by  the  Legislature  in  1895.  These  bills,  however,  were  very  dis- 
similar to  the  bills  as  originally  framed  by  the  Society.  The  proceedings 
mentioned  are  printed  in  the  Journal  of  the  Association  of  Engineer- 
ing Societies,  vol.  xii,  pages  108,  169,  276;  vol.  xiii,  pages  100,  115;  vol 
xiv,  pages  9,  13,  2,7,  64,  67. 

At  the  annual  meeting  of  the  Society,  held  at  Great  Falls,  January  9, 
1897,  it  was  considered  advisable  for  the  Society  to  make  another  efifort  to 
obtain  proper  legislation  upon  the  Road  Laws  and  County  Surveyors'  bill, 
and  a  committee  of  six  was  appointed,  as  follows:  T.  T.  Baker,  E.  R. 
McNeill,  P.  S.  A.  Bickel,  C.  M.  Thorpe,  A.  W.  Mahon,  and  H.  B.  Davis, 
all  being  county  surveyors  except  Mr.  Bickel,  an  ex-county  surveyor  just 
retired.  Through  the  efforts  of  this  committee.  House  Bill  No.  266,  defin- 
ing the  powers  and  duties  of  county  surveyors,  and  abolishing  the  office 
of  road  supervisor,  was  passed.  (This  bill  was  published  in  full  in  the 
Journal,  in  vol.  xviii,  Proceedings,  page  44.)  House  Bill  No.  280,  relat- 
ing to  the  levy,  collection,  and  disposition  of  road-taxes,  was  also  passed. 
Both  bills  were  passed  substantially  as  framed  by  the  Society,  except 
House  Bill  No.  266,  which  changed  the  salary  clause  by  making  it  the 
limit  to  be  allowed  the  county  surveyor  in  the  different  class  counties, 
allowing  the  county  surveyor  a  per  diem  of  .$5,  and  cutting  off  any  pro- 
vision for  the  payment  of  actual  traveling  expenses.  The  laws  were  passed 
to  take  effect  as  soon  as  passed.  The  Constitution  of  the  state  provides 
that  no  salary  or  emolument  of  a  county  official  shall  be  changed  during 
his  term  of  office.  According  to  good  legal  authority,  the  original  per 
diem  of  $7  will  hold  during  the  present  term,  but  in  the  next  term  of 
office  the  new  law  will  take  effect,  viz:  $5  per  day,  without  allowance  for 
traveling  expenses.  In  many  instances  a  single  county  in  this  state  is 
larger  than  some  of  the  Eastern  States,  and  the  traveling  expenses  will  be 
frequently  larger  than  the  per  diem.  The  future  county  surveyor  will  be 
obliged  to  devote  his  time,  for  the  improvement  of  his  county,  for  almost 
no  compensation. 

In  view  of  complications,  already  commencing,  the  Society  advised  a 
convention  of  the  county  surveyors.  After  considerable  discussion,  the 
meeting  adjourned  to  meet  in  Court  Room  No.  i  of  the  District  Court,  at 

8  P.M. 


12  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

EVENING   SESSION. 

The  meeting  was  called  to  order  at  8  p.m.,  March  30,  Mr.  Frederick 
Whiteside  in  the  chair;  Paul  S.  A.  Bickel,  secretary. 

The  meeting  was  an  open  one  for  all  interested  in  the  subject  of  good 
roads,  and,  as  in  the  morning  session,  a  number  of  well-known  Helena 
wheelmen  were  present.  Among  the  county  officials  present  were  two 
commissioners  from  Silver  Bow  county,  two  from  Lewis  and  Clarke,  and 
several  others,  including  the  full  board  from  Broadwater  county. 

House  Bill  No.  280  was  read,  as  follows: 

HOUSE   BILL   NO.    280. 

An  act  amending  Sections  2640,  2642,  2643,  2680  of  the  Political  Code, 
relating  to  the  levy,  collection,  and  disposition  of  road-taxes. 

Be  it  enacted  by  the  Legislative  Assembly  of  the  state  of  Montana: 

Section  i.  Section  2640  of  the  Political  Code  is  hereby  amended  so 
as  to  read  as  follows:  Section  2640.  There  must  be  levied  out  and  col- 
lected on  all  taxable  property  in  the  county  not  less  than  one  mill  not- 
more  than  two  mills  on  the  dollar  for  road  purposes;  also  a  special  road- 
tax  of  $3  on  each  able-bodied  man  over  the  age  of  twenty-one  years,  and 
under  the  age  of  forty-five  years,  residing  in  each  road  district,  provided 
that  any  person  liable  for  said  special  road-tax  may  elect  to  perform  one 
day's  labor,  either  in  person  or  by  another,  on  the  public  roads,  undef 
the  proper  officer  as  herein  provided,  in  lieu  of  the  payment  of  the  said  $3. 
Said  special  road-tax  shall  be  due  and  payable  to  the  county  assessor  after 
October  the  ist  of  each  year,  unless  one  day's  labor  of  eight  hours  has 
been  performed  in  lieu  thereof,  as  provided  by  law;  and  the  county  as- 
sessor shall  collect  such  special  road-tax  on  or  before  December  the  ist 
of  each  year,  in  the  manner  provided  by  law,  providing  for  the  collection 
of  poll-tax.  All  special  road-taxes  collected  by  him  must  be  paid  to  the 
county  treasurer  monthly,  and  be  placed  to  the  credit  of  the  county  road 
fund  of  the  road  districts  in  which  the  same  is  collected.  The  county  sur- 
veyor of  each  district  shall,  on  or  before  the  first  day  of  October  of  each 
year,  deliver  or  mail  to  the  county  assessor  a  list  of  the  names  of  all  male 
persons  in  each  road  district  who  are  required  to  work  said  special  road- 
tax  for  the  year  and  who  have  failed  to  work  out  the  same.  Any  person 
whose  special  road-tax  is  unworked  by  October  the  ist  of  each  year  shall 
pay  $3  to  the  assessor,  as  provided  by  law. 

Sec.  2.  Section  2642  is  hereby  amended  so  as  to  read  as  follows: 
Section  2642.  Every  person  liable  for  said  special  road-tax  who  performs 
in  person  the  one  day's  labor  in  lien  thereof  shall  receive  a  receipt  for  the 
sum  of  $3,  signed  by  the  county  surveyor,  which  shall  be  a  sufficient  re- 
ceipt for  said  special  road-tax. 

Sec.  3.  Section  2680  is  hereby  amended  so  as  to  read  as  follows: 
Section  2680.  If  any  person  required  to  pay  the  special  road-tax  men- 
tioned in  preceding  sections  of  this  chapter  has  no  property  subject  to 
taxation,  and  does  not  elect  to  work  out  said  special  tax  as  therein  pro- 
vided, the  county  assessor  must  collect  the  same  at  the  time  of  making 
the  assessment.  If  it  be  not  paid  at  the  time,  and  the  person  owing  the 
same  is  in  the  employment  of  any  other  person,  the  assessor  must  deliver 
to  the  employer  a  written  notice,  stating  the  amount  of  tax  owing  by  such 
employe   (naming  him),  and  from  the  time  of  receiving  such  notice  said 
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employer  is  liable  to  pay  said  Lax,  provided  that  any  money  is  then  due 
01  shall  become  due  such  employe  from  each  employer  before  the  time 
for  the  payment  of  general  taxes,  and  the  employer  may  deduct  the  same 
from  any  amount  so  due  each  employe. 

Sec.  4.  All  acts  and  parts  of  acts  in  conllict  with  this  act  are  hereby 
repealed. 

Approved  March  4,  1897,  at  6.50  o'clock  p.m. 

Ror.ERT  B.  Smith,  Governor. 

House  Bill  No.  266  (published  in  full  in  Journal,  vol.  xviii,  page  44) 
was  then  read. 

Mr.  Lewis  Penwell,  chairman  of  the  Committee  on  Blanks  to  Conform 
to  the  New  Law,  introduced  the  following  blanks:  Order  for  supplies, 
receipt  for  road-tax  work,  affidavit  of  posting. 

A  paper  from  M.  S.  Parker,  of  Great  Falls,  entitled  "The  New  Road 
Law  of  Montana,"  was  then  read  and  discussed. 

Hon.  Lewis  Penwell,  attorney-at-law,  chairman  of  the  Committee  on 
Legislation,  submitted  the  following  opinion: 

"If  the  new  law,  so  far  as  compensation  is  concerned,  is  sustained  by 
the  courts,  all  county  surveyors  will  receive  $5  per  day,  up  to  the  maxi- 
mum, for  all  work  performed,  whether  the  said  work  is  of  a  professional 
nature  or  upon  roads.  There  is,  however,  a  very  serious  doubt  as  to 
whether  the  new  law,  as  regards  compensation,  can  be  sustained.  The 
office  of  the  county  surveyor  is  a  constitutional  office,  and  accordingly  the 
compensation  of  the  incumbent  of  this  office  cannot  be  increased  or  di- 
minished during  his  term  of  office.  The  duties,  however,  can  be  increased. 
At  the  time  these  county  surveyors  were  elected  the  law  stated  that  they 
should  be  paid  for  professional  work  only;  the  new  law  provides  that  they 
shall  be  paid  for  other  work,  thus  altering  their  compensation  after  they 
have  been  elected  to  ofiice.  If  this  view  of  the  matter  were  sustained  by 
the  courts,  they  would  be  entitled  to  $7  per  day  for  professional  services 
rendered  under  the  old  law,  and  would  be  required  to  perform  the  addi- 
tional services  imposed  upon  them  by  the  new  law,  but  without  any  addi- 
tional compensation.  This  is  the  view  now  held  by  Attorney-General 
Nolan.  Probably  the  way  the  matter  stands  now,  if  he  were  called  upon 
by  some  board  of  county  commissioners  within  this  state  for  a  ruling  as 
to  whether  or  not  they  would  allow  compensation  to  county  surveyors  for 
road  work,  he  would  hold  that  the  said  county  surveyors  were  not  entitled 
thereto.  His  suggestion  is  that  such  steps  be  taken  as  may  be  necessary 
to  bring  the  matter  before  the  courts  immediately,  and  get  the  same  finally 
disposed  of. 

"I  will  state  further  that  Mr.  Sanders  and  myself  have  given  the  matter 
some  little  consideration,  and  are  constrained  to  differ  with  the  Attorney- 
General,  and  believe  that  if  the  matter  were  taken  into  the  courts  it  would 
be  finally  decided  that  the  present  county  surveyors  would  be  entitled  to 
$5  per  day,  up  to  the  maximum,  for  all  services  rendered,  whether  profes- 
sional or  otherwise." 

By  request  of  Mr.  Beach,  Section  2759  of  the  Political  Code  was  read. 

It  was  decided  to  bring  the  question  before  the  courts,  if  possible. 
J.  S.  Keerl,  chairman  of  the  Committee  on  Surveyors'  Accounts  with 
County,  submitted  the  following  report,  which  was  adopted: 


14  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

"The  question  of  the  location  and  construction  of  highway  roads,  in 
our  opinion,  should  be  surrounded  by  the  same  general  features  and  con- 
siderations which  govern  the  location,  construction,  and  maintenance  of 
railroads.  The  question  of  proper  location  should  be  governed  by  topo- 
graphic features,  and  desirable  alignment  and  grades  and  the  stability  of 
construction,  which,  co-related,  have  their  bearings,  should  be  recognized 
the  same  as  upon  railroad  location  and  construction.  With  these  views, 
we  believe  that  to  properly  locate,  construct,  and  maintain  our  public  high- 
ways an  organization  should  be  perfected  somewhat  similar,  or  at  least 
based  upon  those  principles  which  surround  the  construction  of  railroads 
and  other  similar  engineering  works.  The  new  law  (which  is  entitled 
House  bill  No.  266,)  passed  by  the  Fifth  Legislative  Assembly  of  Mon- 
tana, to  be  properly  enforced  and  carried  to  a  successful  conclusion,  we 
believe,  should  recognize  the  county  surveyor  as  occupying  a  position 
similar  to  that  of  division  engineer  in  charge  of  100  miles  of  line  upon  a 
railroad  construction,  and  that  the  road  managers,  which  he  will  appoint, 
and  as  provided  by  the  bill,  fill  a  relative  position  to  that  of  resident  engi- 
neers upon  railroad  construction,  who  have  charge  of  (say)  10  miles  of 
line,  and  that,  carrying  forward  the  comparison,  the  resident  engineers 
reporting  to  the  division  engineer  all  estimates,  accounts,  requisitions,  etc., 
and  the  road  managers  reporting  to  the  county  surveyor,  and  thus  recog- 
nizing that  the  county  surveyor's  office  is  the  headquarters  of  the  system 
which  receives,  collects,  and  distributes  all  information  relative  to  the 
laying  out,  construction,  and  maintenance  of  the  public  highways.  With 
these  accounts,  data,  etc.,  and  thus  centrally  located,  the  county  surveyor 
is  placed  in  a  position  where  he  can  fittingly  and  thoroughly  submit  his 
report  to  the  board  of  county  commissioners,  which  board  fills  a  position 
similar  to  that  of  -the  chief  engineer  of  a  railroad  or  its  board  of  directors. 

"Your  committee  have  interpreted  their  duties  as  merely  applying  to 
suggesting  a  method  of  accounts,  and  not  as  regards  detailing  what  ac- 
counts are  necessary  or  in  what  form  they  should  be  presented,  as  they 
believe  this  would  more  properly  belong  to  the  'Committee  on  Blanks  to 
Conform  to  the  New  Law,'  which  report  your  honorable  body  have  dis- 
cussed fully." 

The  report  of  the  committee  was  followed  by  an  interesting  discus- 
sion. 

The  Committee  on  Road  Machinery,  composed  uf  J.  W.  Wade,  H.  C. 
Freeman,  and  H.  B.  Davis,  recommended  the  use  of  improved  road-making 
machinery  wherever  practicable.  The  committee  believed  that  economy 
as  well  as  improved  roads  would  result  from  extensive  and  judicious  use 
of  machinery. 

Mr.  Wade  stated  that  his  county  (Lewis  and  Clarke)  had  an  Austin 
road  machine,  and  that  it  would  be  used  on  all  roads  where  it  was  prac- 
ticable. 

County  Surveyor  Thorpe. — The  Austin  machine  makes  the  grade 
about  2^/2  feet  above  the  bottom  of  the  ditches,  and  we  consider  it  a  great 
saving  of  labor.     We  also  use  it  largely  for  smoothing  the  grades. 

County  Surveyor  Davis. — Three-fourths  of  the  roads  constructed 
by  road  supervisors  in  my  county  have  no  grades.  The  plowing  has  been 
done  so  near  the  wagon-tracks  that  the  roadbed  has  to  be  filled  in  even 
before  the  freshets  come. 
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County  Surveyor  Wade. — The  advantage  of  this  road  machine  is 
that  it  does  not  move  any  ground  that  is  not  put  in  the  roadbed,  and  it 
leaves  the  waterways  solid.  It  can  be  placed  at  such  an  angle  as  to  plow 
4  inches  wide,  or  greater  widths  as  desired.  It  has  a  swinging  motion, 
and  shaves  off  the  earth. 

Discussions  by  Messrs.  Thorpe  and  Wardwell  and  others  followed. 
Some  of  the  speakers  apparently  did  not  favor  the  road  machine. 

Mr.  Wardwell  moved  that  a  Committee  upon  Resolutions  be  ap- 
pointed, and  the  chairman  appointed  Messrs.  Muth,  Wardwell,  and  Brad- 
ford, who  presented  the  following  resolutions: 

Whereas,  The  new  road  law  is  very  largely  in  the  nature  of  an  experi- 
ment; and 

Whereas,  Its  provisions  seek  to  obtain  better  results  than  under  the 
old  law,  with  the  funds  at  the  command  of  the  different  counties;  and 

Whereas,  It  is  expedient  that  the  law  be  given  a  full  and  fair  trial; 
therefore  be  it 

Resolved,  That  the  county  surveyors  and  boards  of  county  commis- 
sioners of  the  different  counties  be  called  upon  to  use  every  endeavor  to 
make  a  success  of  the  said  law  by  using  special  personal  efforts  to  in- 
augurate a  system  of  roads  that  will  be  a  credit  to  each  and  every  county 
and  to  the  state,  and  to  see  that  the  funds  of  the  counties  are  econom- 
ically and  judicially  applied. 

On  motion  of  Mr.  Wade,  the  convention  adjourned  until  2  o'clock  p.m., 
March  31. 

afternoon  session. 

The  meeting  was  called  to  order  at  2  p.m.,  Mr.  F.  Whiteside  iii  the 
chair;  Paul  S.  A.  Bickel,  secretary. 

A  discussion  ensued  upon  plats  and  records,  and  the  committee  was 
given  more  time  in  which  to  report. 

The  county  surveyors  were  unanimous  in  the  opinion  that  all  records 
and  blanks  should  be  uniform  throughout  their  offices  in  Montana.  The 
Committee  on  Blanks  will  not  complete  its  work  for  several  weeks. 

A  discussion  on  grades  and  drains,  led  by  J.  S.  Keerl,  of  Helena,  and 
E.  M.  Wardwell,  was  one  of  the  most  interesting  features  of  the  afternoon 
session.  It  practically  ended  the  work  of  the  convention,  although,  after 
adjournment,  the  sub-committee  on  plats,  records,  and  blanks,  consisting 
of  Messrs.  Paul  S.  A.  Bickel,  C.  M.  Thorpe,  and  T.  T.  Baker,  J.  S.  Keerl, 
E.  M.  Wardwell,  and  others  interested,  met  with  the  committee,  which 
will  report  later  to  the  Montana  Society  of  Engineers. 

The  meeting  was  a  successful  one,  and  will,  it  is  believed,  result  in 
better  roads  for  the  state. 

It  was  moved  and  seconded  that  the  Secretary  use  his  inllucnce  to 
secure  as  full  a  publication  as  possible  of  the  proceedings  of  the  conven- 
tion.    Carried. 

Mr.  Keerl. — I  move  that  a  vote  of  thanks  be  tendered  to  the  countv 
commissioners  for  their  kindness  in  opening  to  us  the  court  room;  also, 
to  the  president  and  other  officers,  who  so  patriotically  performed  their 
duties;  also,  to  the  press.     Carried. 

A  motion  to  adjourn  was  carried. 

A.  S.  HovEY,  Secretajy 
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The  regular  monthly  meeting  of  the  Society  was  held  in  the  Merchants' 
National  Bank  Building,  in  Helena,  on  September  ii,  1897.  President  C. 
W.  Goodale  arrived  from  his  home  in  Butte  just  in  time  to  call  the  meeting 
to  order  at  the  usual  hour  of  8  p.m.  The  fore  part  of  the  evening  was  de- 
voted to  business.  Under  the  head  of  new  business  the  President  ap- 
pointed Messrs.  F.  L.  Sizer,  of  Helena,  John  Herron,  of  Marysville,  and 
Elliott  H.  Wilson,  of  Butte,  as  a  committee  to  nominate  officers  for  the 
ensuing  year.  The  Society  voted  to  unite  with  the  Society  of  Montana 
Pioneers  in  ordering  from  the  Journal  of  the  Association  of  Engi- 
neering Societies  500  copies  of  the  memoirs  of  the  late  Col.  de  Lacy. 
The  subjects  discussed  were  mining  operations,  tunnel  rights,  and  the 
action  of  mineral  in  the  water  of  mines  upon  the  pumps  and  pipes.  Mr. 
Goodale  stated  that  after  a  considerable  amount  of  experimenting  he  has 
succeeded  in  partially  obviating  the  difficulty  by  treating  the  water  before 
entering  the  pipes. 

Members  will  find  a  complete  set  of  the  Journal,  all  bound,  in  the 
Butte  Public  Library;  also  in  the  Helena  Public  Library,  with  the  excep- 
tion of  Vol.  No.  I,  these  libraries  having  obtained  the  early  volumes  by 
purchase.  Three  other  libraries  have  incomplete  sets.  Mr.  C.  W.  Goodale 
will  endeavor  to  complete  a  set  of  the  Journal  for  the  School  of  Mines, 
at  Butte.  The  Secretary's  donation  of  Vol.  No.  i  completes  the  Society's 
set.  All  are  bound,  five  volumes  having  been  bound  recently.  Messrs. 
Sizer  and  Neustadter  have  contributed  Journals  for  filing  in  the  public 

libraries. 

A.  S.  HovEY,  Secretary. 


Tecliiiioal  Society  of  the  Paeili<'  Coast. 


Regular  Meeting,  September  3,   1897. — Called  to  order  at  8.30  p.m. 
by  President  Molera. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Air.  John  Richards,  past-president,   read  the  paper  of  the  evening  on 
the  subject  of  "Hydraulic  Rams,"  which  was  discussed. 

Adjourned. 

Otto  von  Geldern.  Secretary. 


Civil  Eiii»ineers'  Club  of  Cleveland. 


Meeting  of  the  Civil  Engineers'  Club  of  Cleveland,  in  the  rooms  of 
the  Club,  Case  Library  Building,  Tuesday  evening,  September  14,  1897, 
President  Ritchie  in  the  chair.     Present,  24  members  and  3  visitors. 

Secretary  Coburn  being  absent,  Mr.  A.  Lincoln  Hyde  was  chosen 
secretary  pro  tern. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Messrs.  W.  P.  Brown  and  S.  J.  Baker  were  appointed  tellers  to  can- 
vass the  ballots  for  the  election  of  new  members. 

The  Executive  Board  reported  the  approval  for  active  membership  of 
Messrs.  H.  E.  Andrews  and  T.  M.  Brown. 

The  resignation  of  the  vice-president,  Mr.  Clarence  M.  Barljer,  was 
read,  and  on  motion  it  was  voted  that  it  be  accepted. 
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A  letter  from  Mrs.  Royal  Gurley  was  read  by  the  president,  and  the 
following  resolutions  were  offered  by  the  committee  appointed  by  the 
president: 

As  one  by  one  we  are  called  by  the  All-Wise  Providence  to  relinquish 
our  duties  on  this  earth  for  those  of  promised  peace  and  joy,  so  we  now 
arc  called  to  mourn  the  death  of  our  fellow-member.  Royal  Gurley,  who, 
during  his  active  lifetime,  was  connected  with  railroad  work,  mostly  in  the 
engineering  department,  and  who,  by  his  quiet,  unobtrusive  manner  and 
upright  dealing,  was  endeared  to  all  his  associates. 

Resolved,  That  we  extend  to  the  bereaved  widow  and  children  of  our 
deceased  member  our  sincere  and  heartfelt  sympathy. 

Resolved,  That  this  report  and  resolutions  be  placed  upon  the  minutes 
of  the  Club  and  a  copy  of  the  same  be  sent  to  the  widow  of  our  deceased 
member. 

Henry  C.  Thompson, 
Aug.  Mordecai, 
James  McIntyre, 

Committee. 
On  motion,  these  resolutions  were  unanimously  adopted. 

James  Ritchie.  President. 
Attest:     A.  Lincoln  Hyde,  Secretary  pro  tern. 

Mr.  William  H.  Searles  read  the  paper  of  the  evening  on  "The  Con- 
sulting Engineer  in  Municipal  Affairs."  It  was  a  very  interesting  paper, 
and  called  forth  an  unusually  animated  discussion,  in  which  Messrs. 
Warner,  Baker,  Raynal,  Johnston,  Porter,  McGeorge,  and  others  took 
part. 

Messrs.  Charles  Warren  Comstock  and  John  Wm.  Easton  were  de- 
clared elected  to  active  membership. 

The  meeting  adjourned  to  partake  of  a  light  luncheon. 

A.  Lincoln  Hyde,  Secretary  pro  tern. 


Engineers'  ('liib  of  St.  L<Miis. 


457TH  Meeting,  September  15,  1897. — The  meeting  was  held  at  1600 
Lucas  place,  at  8.30  p.m.,  with  President  Flad  in  the  chair.  Seventeen 
members  and  two  visitors  were  present. 

The  minutes  of  the  456th  regular  meeting  and  the  minutes  of  the  239th, 
240th,  and  241st  meetings  of  the  Executive  Committee  were  read  and 
approved. 

The  Executive  Committee  reported  that  an  offer  had  been  received 
for  a  duplicate  set  of  21  volumes  of  the  Transactions  of  the  American 
Society  of  Civil  Engineers,  and  recommended  that  the  offer  be  accepted. 
This  recommendation  was  adopted  by  the  Club.  On  motion  of  Mr. 
Crosby,  duly  seconded,  it  was  voted  that  the  money  received  from  the  sale 
of  these  Transactions  be  applied  to  the  library  fund. 

Mr.  Charles  W.  Hawkes  and  Mr.  Henry  Branch  were  proposed  for 
membership,  and  their  applications  were  referred  to  the  Executive  Com- 
mittee. 

The  Secretary  read  a  connnunicaliun  from  the  Western  Society  of 
Engineers  inviting  the  Engineers'   Club  of  St.   Louis  to  participate  in   its 
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excursion   to   Niagara   and    Philadelphia.      The   thanks   of   the    Club   were 
voted  the  Western  Society  of  Engineers  for  this  invitation. 

Mr.  S.  Bent  Russell  then  gave  an  informal  talk  on  repairs  which  had 
been  done  on  the  conduit  and  settling  basins  of  the  water  works.  Cracks 
had  appeared,  due  to  settlement  and  temperature  changes,  and  the  methods 
which  had  been  adopted  for  repairing  these  cracks  were  illustrated.  Lan- 
tern slides  showing  the  construction  of  the  conduit  and  basins  were  ex- 
hibited. In  the  discussion  which  followed,  Mr.  Crosby  described  the 
methods  which  had  been  employed  for  measuring  the  distortion  of  the 
arch  in  the  Sudberry  conduit. 

The  president  then  exhibited  some  lantern  slides  showing  the  launch- 
ing of  the  new  dredge-boat  "Zeta,"  which  took  place  at  Grafton,  August  25. 

There  being  no  further  business,  the  meeting  adjourned  to  another 
room,  where  lunch  was  served. 

Richard  McCulloch,  Secretary. 


Detroit  Eiigriiieeriiig  Society. 


Detroit,  Mich.,  Sept.  17,  1897. — Regular  monthly  meeting  held  at 
the  Hotel  Ste.  Claire,  Vice-President  Keep  presiding,  and  20  members  and 
5  visitors  in  attendance.  Among  the  latter,  by  invitation,  were  Major  M.  B. 
Adams,  U.  S.  A.  Engineer,  9th  and  nth  Lighthouse  Districts,  and  Alfred 
Noble,  C.  E.,  member  Deep  Waterways  Engineer  Commission. 

On  recommendation  of  the  Executive  Committee,  Messrs.  Joseph  De 
Gurse,  David  Maxwell,  Gouverneur  Morris,  George  Parks,  and  George  F. 
Parker  were  elected  to  resident  membership. 

The  Society  then  listened  to  a  paper  by  Mr.  Frank  M.  Dunlap,  on 
"The  Machinery  of  the  Poe  Lock  of  the  Ste.  Mary's  Falls  Canal,"  at  the 
close  of  which  an  extensive  discussion  was  participated  in  by  the  members 
and  visitors  present. 

Adjourned. 

Gardner  S.  Willi.\ms,  Secretary. 


Denver  Society  of  Civil  Eiigineer.s. 


Denver,  Colo.,  Sept.  14,  1897. — First  regular  meeting  since  the  sum- 
mer vacation  called  to  order  in  Room  36,  Jacobson  Building,  at  8  p.m., 
President  Wilson  in  the  chair,  with  several  members  present.  Minutes  of 
special  meeting  held  June  i,  1897,  were  read  and  approved.  No  regular 
meeting  held  June  8,  as  the  members  of  the  Society  were  invited  to  attend 
in  a  body  an  evening  session  of  the  seventeenth  annual  convention  of  the 
American  Water  Works  Association,  at  their  headquarters,  Albany  Hotel. 

After  the  canvass  of  the  ballots,  Messrs.  John  St.  J.  Lallie,  of  Denver, 
and  Edwin  H.  Messiter,  of  Leadville,  Colo.,  were  declared  elected  to  mem- 
bership in  the  Society. 

Sundry  communications  were  read  and  ordered  placed  on  file,  the 
secretary  being  instructed  to  make  the  necessary  replies  in  some  cases. 

Some  of  the  members  present  reported  having  applications  from  per- 
sons desiring  admission  to  the  Society.  Names  to  be  presented  at  next 
meeting. 
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The  librarian  reported  having  found  some  supposed  missing  volumes 
from  the  library.  The  same,  not  being  properly  indexed,  had  been  mis- 
placed. 

A  paper,  entitled  "Colorado,  a  Sketch,"  by  W.  B.  Lawson,  was  read  by 
the  secretary  (ovifing  to  sickness,  Mr.  Lawson  being  unable  to  attend).  The 
paper  was  a  very  interesting  descriptive  history  of  the  State,  and  was  well 
received  by  all  present. 

Mr.  H.  Breen  stated  that  at  the  next  meeting  he  would  have  some 
calculating  machines  on  exhibition  for  discussion  as  to  their  merits,  etc. 
Adjourned.  Walter  Pearl,  Secretary. 
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Engineers'  Club  of  St.  Louis. 


458TH  Meeting,  October  6,  1897. — The  meeting  was  held  at  1600 
Lucas  Place  at  8  p.m.,  with  President  Flad  in  the  chair.  Nineteen  members 
and  five  visitors  were  present. 

The  minutes  of  the  4S7th  regular  meeting  and  the  242d  meeting  of  the 
Executive  Committee  were  read  and  approved. 

A  letter  was  read  from  Mr.  F.  B.  Maltby,  Assistant  United  States 
Engineer  in  charge  of  the  government  works  on  the  Osage  River,  inviting 
the  club  to  visit  the  new  dam  now  being  built  near  Osage  City.  A  motion 
was  passed  authorizing  the  Executive  Committee  to  arrange  for  an  excur- 
sion to  this  place. 

The  secretary  announced  that  he  had  received  applications  for  member- 
ship from  Messrs.  Wm.  A.  Hunicke,  Vernon  Baker,  Henry  H.  Humphrey, 
George  I.  Bouton,  E.  C.  Stolberg,  Alwin  Hofmann  and  Lee  D.  Fisher. 
These  applications  were  referred  to  the  Executive  Committee. 

The  applications  of  Mr.  Henry  Branch,  assistant  engineer  with  Mr. 
Edward  Flad,  and  Mr.  Charles  W.  Hawkes,  manager  of  the  Springfield 
Boiler  and  Manufacturing  Company,  having  been  favorably  reported  upon 
by  the  Executive  Committee,  these  gentlemen  were  balloted  for  and  elected 
members  of  the  club. 

The  paper  of  the  evening,  entitled  "The  Electrolysis  of  Caustic  Soda," 
by  Mr.  A.  L.  McRae,  was  then  read.  In  the  absence  of  Mr.  McRae,  the 
paper  was  read  by  Mr.  Miller.  A  process  of  manufacturing  caustic  soda 
from  common  salt  by  electrolytic  methods  was  described  and  some  figures 
given  as  to  the  cost  of  manufacture.  This  process  has  been  used  in  Eng- 
land and  Germany,  but  is  not  in  use  in  this  country.  The  paper  described 
how  the  by-products,  hydrogen  and  chlorine,  may  be  utilized  in  heating  the 
solution  for  concentration  and  in  the  manufacture  of  bleaching  powder. 

Following  this  paper,  there  were  exhibited  a  number  of  lantern  slides 
showing  types  of  waterworks  engines  and  sewage  pumps.  Mr.  M.  L.  Hol- 
man  explained  the  slides  and  pointed  out  the  features  of  interest  connected 
with  each  engine. 

There  being  no  fm-ther  business,  the  meeting  adjourned. 

Richard  McCulloch,  Secretary. 
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459TH  Meeting,  October  20,  1897. — The  Club  met  at  8  p.m.,  at  1600 
Lucas  Place,  with  President  Flad  in  the  chair;  twenty-four  members  and 
four  visitors  were  nresent. 

Before  proceeding  with  its  regular  business  the  Club  was  entertained 
by  the  exhibition  of  a  large  number  of  stereopticon  views,  showing  the 
various  kinds  of  river  improvement  work  used  on  the  Mississippi  and 
Missouri  rivers.  Views  of  dikes,  levees,  wing-dams  and  devices  for  pro- 
tecting the  banks  of  rivers  were  shown. 

Mr.  J.  A.  Ockerson  pointed  out  the  features  of  interest  in  the  different 
views  and  explained  the  uses  and  methods  of  conbtruction  of  the  various 
dikes,  levees,  dams,  etc.  This  collection  of  views  belongs  to  Prof.  D.  L. 
Turner,  of  Harvard  University,  who  kindly  loaned  it  to  the  Club. 

The  minutes  of  the  458th  meeting  of  the  Club  and  the  minutes  of  the 
243d  meeting  of  the  Executive  Committee  were  read  and  approved. 

Messrs.  Wm.  A.  Hunicke,  Vernon  Baker,  Geo.  1.  Bouton,  Henry  H. 
Humphrey,  E.  C.  Stolberg,  A.  Hofifman  and  L.  D.  Fisher  were  elected 
members. 

Mr.  Wm  H.  Bryan  gave  a  short  talk  on  "The  Methods  of  Testing  the 
Efficiency  of  a  Heating  System."  He  briefly  explained  the  different  sys- 
tems of  heating  and  reviewed  the  methods  of  testing  heating  systems  that 
had  been  proposed  by  different  writers. 

Mr.  Wm.  Kent,  of  New  York,  and  Messrs.  Flad,  Borden,  Johnson  and 
Kinealy  took  part  in  the  discussion  which  followed. 

J.  H.  Kinealy,  Secretary  pro  tern. 


Detroit  Engineering  Society. 


Detroit,  Mich.,  October  22,  1897. — The  regular  monthly  meeting 
was  held  at  the  Hotel  Ste.  Claire,  Friday  evening,  October  22,  1897,  Vice- 
President  Dow  presiding,  and  twenty-one  members  and  three  visitors 
present. 

The  application  of  Mr.  J.  W.  Schaub  for  membership  by  transfer  from 
the  Engineers'  Club  of  St.  Louis  was  favorably  reported  by  the  Executive 
Committee  and  he  was  elected  to  resident  membership,  with  r'  mission  of 
initiation  fee  and  of  dues  until  January  i,  1898.  The  names  of  Messrs.  C. 
W.  Russell  and  T.  F.  McCrickett  were  proposed  for  membership  and  re- 
ferred to  the  Executive  Committee. 

The  Society  then  listened  to  "Some  Notes  on  the  Manufacture  and 
Use  of  Aluminum,"  by  Mr.  Jesse  M.  Smith,  which  was  read  by  the  Secre- 
tary, a  telegram  from  Mr.  Smith  regretting  his  absence  being  read  by  the 
Chairman.  An  extended  discussion  followed,  after  which  the  Society  ad- 
journed. 

Gardner  S.  Williams,  Secretary. 


Civil  Engineers'  Society  of  St.  Panl. 


St.  Paul,  Minn.,  October  4,  1897. — A  regular  meeting  of  the  Civil 
Engineers'  Society  of  St.  Paul  was  held  at  9  p.m.  Present,  eight  members 
and  one  visitor,  Mr.  Loweth  presiding.  Mr.  C.  A.  Alderman  read  a  paper 
on  the  Chippewa  Valley  Electric  Railway,  an  up-to-date  system  of  about  22 
miles  nearly  completed.     Power  is  to  be  furnished  for  twenty  years  at  $6 
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per  H.  P.  Mr.  Alderman  also  described  the  late  trip  of  the  Western 
Society  of  Engineers  to  Niagara  and  the  Lehigh  Valley,  he  being  the  only 
one  of  our  members  to  take  advantage  of  the  general  invitation  to  partici- 
pate. The  secretary  was  instructed  to  again  thank  the  Western  Society 
committee  and  express  the  hope  that  some  future  excursion  of  that  Society 
might  include  a  visit  to  the  Twin  Cities  of  the  Northwest,  where  a  welcome 
to  many  points  of  interest  awaits  its  members. 

Mr.  Lowetli  exhibited  the  results  of  some  paint  tests — twenty-odd 
samples  of  black  and  more  or  less  rust-roughened  plates  of  sheet-iron, 
which  had  undergone  six  months'  exposure  to  locomotive  smoke  while 
suspended  from  the  roof  of  the  Union  Depot  train-shed  about  50  feet  above 
the  tracks.  The  iron  plates,  new  and  bright,  had  each  received  one  coat  of 
paint,  and  had  been  subjected  to  equal  exposure.  The  red  lead  sample 
gave  the  best  results;  next  came  the  white  lead,  followed  by  the  iron  oxides 
and  an  asphaltum,  which  were  generally  in  much  better  condition  than  the 
graphites.     An  anti-rust  specimen  was  the  brownest  spectacle  of  the  lot. 

C.  L.  Annan.  Secretary. 


The  Civil  Kiii>iiieers'  Chib  of  Clevclaiul. 


Case  Library  Building,  Cleveland,  O. — The  October  meeting  of 
the  Club  was  held  in  Case  Library  Tuesday  evening,  the  12th,  President 
Ritchie  in  the  chair.  Present,  36  members  and  16  visitors.  In  the  absence 
of  Secretary  Coburn,  W.  H.  Searles  was  elected  Secretary  pro  tern.  The 
minutes  of  the  last  meeting  were  read  and  approved.  The  applications  for 
active  membership  of  Mr.  H.  E.  Andrews  and  Mr.  T.  M.  Brown  were  pre- 
sented and  read.  Nominations  for  the  office  of  vice-president,  which  had 
been  left  vacant  by  the  resignation  of  Mr.  Clarence  M.  Barber,  were 
announced  to  be  in  order.  Mr.  Frank  C.  Osborn  was  nominated  by  Mr. 
Searles,  and  on  the  motion  of  Prof.  John  W.  Langley  the  nominations 
were  closed  and  the  Club  proceeded  to  ballot.  Messrs.  Oldham  and  Searles 
were  appointed  tellers.  Mr.  Osborn  was  declared  elected  by  unanimous 
vote.  A  paper  entitled  "The  Mechanical  Side  of  Steel  Making"  was  then 
read  by  Mr.  John  MacGeorge.  The  paper  dealt  particularly  with  the  latest 
methods  and  devices  for  mechanically  charging  open-hearth  steel  furnaces. 
A  number  of  slides  showing  recent  inventions  in  this  line  and  the  best 
devices  of  this  kind  now  in  use  were  cast  upon  a  canvas  and  graphically 
described  by  Mr.  MacGeorge.  The  subsequent  discussion  was  begun  by 
Mr.  C.  O.  Palmer  and  participated  in  by  Messrs.  Johnson,  Searles,  Oldham, 

Raynal  and  Harman. 

Wm.  H.  Searles,  Secretary  pro  tern. 


Technical  Society  of  the  Pacific  Coast. 


San  Francisco,  Cal.,  October  i,  1897.— Regular  meeting  called  to 
order  at  8.30  p.m.  by  Past  President  Grunsky. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Application  for  membership  was  made  by  Hiram  R.  Jones,  chief  engi- 
neer of  the  Selby  Smelting  and  Lead  Coinpany,  proposed  by  Louis  Falke- 
nau,  George  W.  Dickie  and  Adolph  Lietz. 

Mr.  W.  H.  Smyth  read  the  paper  of  the  evening,  entitled  "The  His- 
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tory  and   Development   of  Hydraulic   Dredging,"   which   was   discussed  at 
length  by  Mr.  A.  B.  Bowers  and  many  members  present. 

It  was  moved  that  the  reading  of  the  paper  on  the  subject  of  "An  Old- 
time  Level,"  announced  for  this  meeting,  be  postponed  until  the  next 
regular  meeting.     Seconded  and  carried. 

Adjourned. 

Otto  von  Geldern,  Secretary. 


Boston  Society  of  Civil  Engineers. 


Boston,  Mass.,  September  15,  1897. — A  regular  meeting  of  the  Society 
was  held  at  Chipman  Hall,  Tremont  Temple,  Boston,  at  8  o'clock  p.m.. 
President  Dexter  Brackett  in  the  chair;  one  hundred  and  five  members 
and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved.  Mr.  Charles  W. 
Hazelton  was  elected  a  member  of  the  Society. 

The  Secretary  read  a  letter  from  Mr.  William  B.  Fuller  resigning  the 
office  of  Librarian  of  the  Society  on  account  of  removal  from  Boston,  and 
on  motion  the  resignation  was  accepted.  On  motion  of  Mr.  French  it  was 
voted  to  appoint  a  committee  of  three  to  report  at  the  next  meeting  the 
names  of  candidates  for  Librarian.  The  President  appointed  as  this  com- 
mittee Messrs.  A.  H.  French,  C.  H.  Swan  and  W.  E.  Foss. 

Mr.  Kimball  for  the  committee  appointed  to  prepare  a  memoir  of  Hor- 
ace L.  Eaton,  submitted  its  report  which  was  read. 

The  literary  exercises  of  the  evening  consisted  of  an  informal  address 
by  Mr.  F.  P.  Stearns,  describing  the  work  now  being  built  for  the  Metro- 
politan Water  Supply  of  Massachusetts.  The  address  was  illustrated  by  a 
very  complete  set  of  lantern  slides. 

Adjourned. 

S.  E.  TiNKHAM,  Secretary. 


October  20,  1897. — A  regular  meeting  of  the  Society  was  held  at  Chip- 
man  Hall,  Tremont  Temple,  Boston,  at  8  o'clock  p.m.,  President  Dexter 
Brackett  in  the  chair;  one  hundred  and  nine  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved.  Messrs.  Ed- 
ward S.  Foster,  James  W.  Martin,  Will  J.  Sando  and  James  L.  Tighe  were 
elected  members  of  the  Society. 

The  Treasurer  was  authorized,  with  the  approval  of  the  President  to 
dispose  of  the  railroad  stock  owned  by  the  Society. 

The  committee  appointed  to  nominate  a  Librarian  submitted  its  report 
and  upon  a  ballot  being  taken,  Mr.  Frank  L.  Fales  was  elected  Librarian. 

The  thanks  of  the  Society  were  voted  to  the  officials  of  the  Boston  and 
Maine  and  of  the  Boston  and  Albany  Railroad  Companies  and  to  the 
Metropolitan  Water  Board,  for  courtesies  extended  to  the  Society  on  the 
occasion  of  the  excursion  to  Clinton  on  September  25.  The  thanks  of  the 
Society  were  also  voted  to  the  Boston  officials  of  the  Boston  Terminal  Com- 
pany for  courtesies  shown  the  Society  this  afternoon. 

Mr.  Thomas  H.  Wiggin  then  read  a  paper,  entitled  "The  Manufacture 
and  Inspection  of  Cast  Iron  Pipe."  The  paper  was  illustrated  by  lantern 
slides. 

Adjourned.  S.  E.  Tinkiiam,  Secretary. 
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Horace  Lafayette  Eaton.— A  3Iemoir. 


Bv  G.  A.  KiMBAi.L,  Hi-:nry  Manley  and  W.  F.  Learned,  Committee 
ov  THE  Boston  Society  of  Civil  Engineers. 

[Read  September  15,  1897.] 

Horace  Lafayette  Eaton  was  born  in  Boston,  September  6,  1851. 
He  was  educated  in  its  public  schools,  and  entered  the  employ  of  the  city 
of  Boston  in  the  City  Engineer's  Department  in  1869.  Amongst  the  works 
with  which  he  was  connected  for  the  city  of  Boston  are  the  High  Service 
suoply  for  South  Boston  and  Dorchester,  the  Parker  Hill  reservoir,  the 
Central  Avenue  bridge  at  Milton  Lower  Mills,  Maiden  bridge  and  the 
Mystic  Valley  sewer.  From  1884  to  1887  he  was  connected  with  the  Park 
department  and  was  engaged  upon  the  Arnold  Arboretum,  Franklin  and 
other  parks. 

In  1887  he  w'as  appointed  City  Engineer  of  Somerville,  a  position  for 
which  his  experience  of  seventeen  years  in  almost  every  kind  of  municipal 
engineering  particularly  fitted  him,  and  by  virtue  of  his  office  was  Superin- 
tendent of  Sewers,  Engineer  to  the  Water  Board,  and  in  charge  of  all  en- 
gineering work  for  the  city,  including  the  new  High  Service  System  of 
waterworks,  construction  of  sewers,  and  the  Powder  House  Park.  The 
latter  was- a  work  of  art  for  which  he  was  entitled  to,  and  received,  great 
credit. 

Mr.  Eaton  was  thorotighly  honest  and  conscientious  in  every  detail. 
He  was  peculiarly  sensitive,  especially  when  his  plans,  wdiich  were  worked 
out  with  the  greatest  care,  were  criticised  or  changes  suggested.  He  felt 
these  suggestions  or  criticisms  keenly,  and  brooded  over  them  to  such  an 
extent  as  to  cause  him,  sometimes,  temporary  illness. 

In  1895  a  few  disaffected  contractors  and  others  circulated  stories  detri- 
mental to  Mr.  Eaton's  reputation  for  honesty,  and  finally  influenced  the 
City  Council  to  order  an  investigation  of  his  department,  which  was  com- 
menced on  November  22.  One  hearing  had  been  held,  his  enemies  were 
allowed  the  greatest  latitude  in  relating  stories  which  were  afterward 
proved  false.  The  publication  of  these  proceedings  in  the  daily  papers  so 
worked  upon  Mr.  Eaton's  mind  that,  in  a  fit  of  temporary  insanity,  he  took 
his  own  life,  on  November  23,  1895. 

After  his  death,  the  investigation  was  continued  by  the  City  Council  in 
a  most  thorough  and  searching  manner.  The  report  completely  exonerated 
Mr.  Eaton  in  every  particular  and  severely  censured  every  person  who  was 
in  any  way  connected  with  the  prosecution.  The  investigation  proved  that 
Mr.  Eaton  was  a  man  of  strict  integrity,  and  it  is  the  universal  opinion  of 
the  citizens  of  Somerville  that  he  performed  his  duties  faithfully  and  that 
he  was  an  honest,  upright  and  painstaking  official. 

Mr.  Eaton  joined  the  Boston  Society  of  Civil  Engineers,  March,  19. 
1879,  and  served  the  Society  as  its  secretary  from  December  20,  1882,  to  May 
18,  1887.  His  faithful  and  conscientious  service  to  this  Society  as  its  execu- 
tive officer  was  thoroughly  appreciated  and  the  care  and  unsparing  labor  be- 
stowed upon  his  work  for  it  was  characteristic  of  his  whole  life.  He  joined 
the  American  Society  of  Civil  Engineers,  February  i,  1893.  Mr.  Eaton 
leaves  a  wife  and  two  daughters. 
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The  Detroit  Eiigiiieeriiig-  Society. 


Detroit,  Mich.,  November  19,  1897. — The  regular  monthly  meeting 
was  held  at  the  Hotel  Ste.  Claire,  with  President  Jesse  M.  Smith  presiding 
and  thirty-two  members  and  one  visitor  present. 

Messrs.  C.  W.  Russell  and  T.  F.  McCrickett  were  elected  to  resident 
membership. 

The  name  of  Mason  L.  Brown  was  proposed  for  membership  and 
referred  to  the  Executive  Committee. 

A  proposed  by-law  was  noticed  as  follows:  "Persons  not  uniting  with 
this  Society  within  three  months  of  the  date  of  election  to  membership 
shall  be  considered  as  never  having  been  proposed."  Laid  over  to  next 
regular  meeting. 

By  request,  the  discussion  of  the  paper  on  "Aluminum,"  presented  at 
the  last  meeting,  was  continued  by  Messrs.  Mattsson,  Weil,  Keep,  Dan- 
zinger,  Pettee,  Cooley  and  Smith.  The  Society  then  listened  to  the  paper  of 
the  evening,  by  Mr.  W.  J.  Keep,  on  "Cast-iron  under  Impact,"  which  was 
Pettee,  Cooley  and  Smith.  The  Society  then  listened  to  the  paper  of  the 
evening,  by  Mr.  W.  J.  Keep,  on  "Cast-iron  under  Impact,"  which  was 
discussed  by  Messrs.  Cooley,  Folger,  McMath,  Weil,  Molitor,  Smith,  Dow 
and  Keep. 

A  paper  for  the  next  meeting,  on  "Ornamental  Marbles,"  by  W.  M. 
Courtis,  was  announced,  after  which  the  Society  adjourned. 

Gardner  S.  Williams,  Secretary. 


Detroit,  Mich.,  November  19,  1897. — A  meeting  of  the  Executive 
Committee  of  the  Detroit  Engineering  Society  was  held  at  the  Hotel  Ste. 
Claire.  Present,  Messrs.  Smith,  Keep,  Hinchman,  Pope  and  Williams. 
The  fourth  quarterly  assessment  of  the  Association  of  Engineering 
Societies,  amounting  to  $23.75,  was  ordered  paid.  The  applications  for 
resident  membership  of  Messrs.  C.  W.  Russell  and  T.  F.  McCrickett  were 
endorsed,  and  it  was  voted  to  extend  to  Alfred  Noble,  C.  E.,  the  invitation 
of  the  Society  to  avail  himself  of  a  member's  privileges  during  his  engage- 
ments in  Detroit.     Adjourned. 

Gardner  S.  Williams,  Secretary. 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 
Civil  KiijifiutM'r.s'  Society  of  St.  I*aiil. 


St.  Paul,  Minn.,  November  i,  1897.— A  regular  meeting  of  the  Civil 
Engineers'  Society  of  St.  Paul  was  held  at  8.30  p.m.  Present,  7  members. 
Minutes  of  previous  meeting  read.  Mr.  Woodman,  chairman  of  Commit- 
tee on  Membership,  presented  a  table  showing  the  requirements  for  mem- 
bership in  various  branches  of  the  Association  of  Engineering  Societies, 
and  the  committee  was  requested  to  report  at  the  next  regular  meeting 
recommendations  as  to  membership  and  name.  The  Secretary  read  a 
paper  on  "Paint  Tests,"  by  Mr.  W.  J.  Wilgus,  and  a  vote  of  thanks  for  the 
same  was  accorded  Mr.  Wilgus.  President  Hilgard  then  read  a  few  notes 
on  "The  Development  of  Water  Powers."  At  Telluride,  Col.,  a  head  of  900 
feet  is  utilized,  and  power  is  transmitted  to  the  various  mining  camps  a 
maximum  distance  of  14  miles.  Even  at  a  cost  of  $120  per  horse-power 
per  annum,  a  saving  of  25  per  cent,  over  the  old  coal  methods  is  claimed, 
and  the  electric  light  appears  quite  generally  in  the  miner's  cabin.  Water 
power  is  now  transmitted  50  miles  into  Salt  Lake  City  and  20  miles  into 
Butte,  with  the  possibility  of  greater  power  being  brought  in  from  a  dis- 
tance of  60  miles.  Mr.  Estabrook  spoke  of  the  relative  cost  of  steam  and 
water  power  at  the  Minneapolis  Mills. 

C.  L.  Annan,  Secretary. 

Conditions  of  Membership  in  the  Engineering  Societies,  April,  1897.. 
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T<><'lmir;il  S(H*U'<y  of  the  I*JU'ilic-  Coast. 


November  5,   1897. — Regular  meeting  called  to  order  at  8.30  p.m.  by- 
Prof.  Frank  Soule. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 
The  following  were  elected  to  membership: 

1.  Hiram  R.  Jones,  chief  engineer  of  the  Selby  Smelting  Works. 

2.  P.  R.  Lamar,  chief  engineer  of  the  Golden  Crown  Mining  Company. 
The  Secretary  read  a  paper  written  by  .Mr.   H.   Clay   Kellogg,  entitled 

"Pipe   Line   No.   2.   and   the    Lands    Irrigated   under   the    Same   at   Corona, 
Riverside  County,  Cal.,"  which  was  discussed. 

The  Secretary  read  a  paper,  entitled  "A  Level  of  Ye  Olden  Time," 
which  was  discussed  by  a  paper  written  and  read  by  Mr.  Adolf  Lietz. 

Adjourned. 

Otto  von  Geldern,  Secretary. 


Ensiiioers'  Club  of  St.  Louis. 


460TH  Meeting,  November  3,  1897. — The  Club  met  at  8  p.m.,  at  160O' 
Lucas  Place,  with  President  Flad  in  the  chair.  Thirty-three  members  and 
three  visitors  were  present. 

The  minutes  of  the  459th  meeting  of  the  Club  and  the  244th  meeting  of 
the  Executive  Committee  were  read  and  approved. 

The  President  announced  that  Mr.  T.  A.  Mysenberg  had  presented  to 
the  Club  several  volumes  of  London  Engineering.  The  thanks  of  the  Club- 
were  voted  to  Mr.  Mysenberg  for  this  donation. 

The  paper  of  the  evening,  by  Mr.  F.  F.  Harrington,  entitled  "Under- 
ground Conduits  in  St.  Louis,"  was  then  read.  A  short  history  of  the  legis- 
lation on  this  subject  was  given,  and  the  requirements  of  the  final  ordinance 
were  set  forth.  The  rules  adopted  by  the  Board  of  Public  Improvements 
in  granting  permits  and  the  agreements  between  the  different  electric  light- 
ing companies  were  given  in  detail.  Then  followed  a  description  of  the 
different  systems  and  conduits  which  have  been  adopted.  A  large  number 
of  working  drawings  and  specimens  of  ducts  were  exhibited.  Lantern 
slides,  showing  views  taken  during  the  construction,  were  used  in  explain- 
ing the  methods  adopted. 

The  discussion  which  followed  the  reading  of  this  paper  was  partici- 
pated in  by  Messrs.  Wagner,  Abbot,  Niper,  Reber  and  McCulloch. 

There  being  no  further  business,  the  meeting  adjourned  to  another 
room,  where  lunch  was  served. 

Richard  McCulloch,  Secretary. 


461ST  Meeting,  November  18.  1897. — The  Club  met  at  8  p.m.,  at  1600 
Lucas  Place,  with  President  Flad  in  the  chair.  Twenty-six  members  and 
one  visitor  were  present. 

The  minutes  of  the  460th  meeting  of  the  Club  and  the  245th  meeting  of 
the  Executive  Committee  were  read  and  approved. 

The  application  for  membership  of  Mr.  Ferdinand  Schwerdtmann,  su- 
perintendent of  the  Wagner  Electric  Manufacturing  Company,  having  been 
favorably  reported  by  the  Executive  Committee,  this  gentleman  was  bal- 
loted for  and  elected  a  mendicr  of  the  Club. 
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The  President  stated  that  Col.  E.  D.  Meier  had  presented  to  the  Ubrary 
two  volumes  of  the  "Transactions  of  the  Institute  of  Mining  Engineers." 
The  thanks  of  the  Club  were  voted  Colonel  Meier  for  this  donation. 

Mr.  J.  A.  Ockerson  made  a  motion  that  a  nominating  committee  con- 
sisting of  Messrs.  B.  L.  Crosby,  Wm.  Wise,  L.  P.  Butler,  W.  G.  Comber 
and  F.  F.  Harrington  be  appointed  to  select  for  the  Club  a  list  of  nominees 
for  the  several  offices  provided  for  in  the  Constitution,  and  to  present  the 
same  at  the  next  meeting. 

Prof.  J.  B.  Johnson  then  made  an  address  on  "The  Results  of  a 
Recent  Investigation  of  the  Relative  Strength  of  Wooden  Beams  and  Col- 
umns in  Large  and  Small  Sizes."  This  investigation  was  conducted  at  the 
testing  laboratory  of  Washington  University  for  the  Government  Forestry 
Division.  The  large  beams  were  of  selected  lumber,  and  were  tested  green. 
They  were  i8  to  24  feet  in  length,  and  were  8  inches  by  12  inches  in  section. 
Eight  small  beams,  5  feet  long  and  4  inches  square  in  cross-section,  were 
made  out  of  each  large  beam  after  it  was  broken.  The  beams  were  of  oak, 
white  pine,  short  leaf  pine  and  long  leaf  pine.  Tests  were  also  made  on 
large  pine  beams,  which  had  been  taken  out  of  the  Exposition  Building 
after  thirteen  years  of  service.  The  average  of  these  tests  showed  that  the 
large  beams  had  92  per  cent,  of  the  strength  of  the  small  ones,  and  that  the 
apparent  elastic  limit  in  the  large  beams  was  97^2  per  cent,  of  that  of  the 
small  ones. 

Large  columns  showed  a  strength  of  75  per  cent,  of  small  columns. 

The  discussion  which  followed  was  participated  in  by  Messrs.  Sterne, 
Kinealy,  Borden,  Crosby,  Russell,  Bouton,  Flad  and  Ockerson. 

The  Executive  Committee,  having  recommended  that  Prof.  Calvin  M. 
Woodward  be  elected  an  honorary  member,  a  motion  was  made  that  the 
vote  on  this  candidacy  be  postponed  until  next  meeting,  and  that  it  be  an- 
nounced in  the  notice  of  the  meeting,  that  such  a  vote  would  be  taken.  Af- 
ter some  discussion  this  motion  was  carried. 

There  being  no  further  business,  the  meeting  adjourned. 

Richard  McCulloch,  Secretary. 


The  Civil  Engineers'  Club  of  Cleveland. 


The  regular  meeting  of  the  Club  was  held  in  Case  Library,  on  Tuesday 
evening,  November  9,  1897.  President  Ritchie  was  in  the  chair.  There 
were  present  48  members  and  9  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Ballots  were  canvassed  for  the  election  to  active  membership  of  H.  E. 
Andrews  and  T.  M.  Brown.  Mr.  James  Alaclntyre  and  Mr.  Frank  C. 
Osborn  were  appointed  tellers. 

The  report  of  the  regular  meeting  of  the  Executive  Board  was  read 
and  the  application  of  L.  B.  Hoit  for  active  membership  recommended. 

A  communication  was  presented  from  Benjamin  S.  Hubbell,  Secretary 
of  the  Cleveland  Architectural  Club,  containing  notice  of  their  second 
annual  exhibition,  to  be  held  November  15-27,  and  inviting  the  Club  to 
visit  the  exhibition  en  masse. 

It  was  moved  by  Mr.  Warner  that  an  evening  be  appointed  by  the 
Executive  Board  on  which  the  Club  could  make  the  visit  in  a  body,  and 
that  the  invitation  thereby  be  accepted  and  that  thanks  be  rendered  to  the 
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Architectural  Club  for  their  kindness.  Mr.  W.  H.  Searles  moved  to 
amend  that  the  Club  appoint  the  evening,  and  suggested  November  18. 
Mr.  Warner  thereupon  withdrew  his  motion  in  favor  of  the  amendment, 
which  was  then  carried. 

The  paper  of  the  evening,  entitled  "Visits  to  Some  Scientific  Institu- 
tions in  Europe,"  was  then  presented  by  Edward  W.  Morley,  Ph.D.,  LL.D. 

The  discussion  which  followed  was  participated  in  by  Messrs.  Warner, 
Raynal,  Oldham,  Miller  and  others. 

The  tellers  reported  H.  E.  Andrews  and  T.  M.  Brown  as  elected  to 
active  membership.     The  meeting  adjourned.     A  light  luncheon  was  served. 

W.   H.  Srarles,  Secretary  pro  tent. 
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Tlie  Montana  Society  of  Civil  Engineers. 


The  Montana  Society  of  Civil  Engineers  will  hold  its  annual  meeting 
in  Butte,  January  8th  next.  The  date  and  place  of  the  session  was  decided  at 
the  regular  meeting  of  the  Society  which  was  held  December  ir,  1897,  in 
the  Merchants'  National  Bank  building,  Helena,  Mont. 

President  C.  W.  Goodale,  of  Butte,  presided  at  the  meeting,  which 
was  well  attended.  The  application  for  membership  of  Milo  S.  Ketchum, 
of  Butte,  was  favorably  considered,  and  the  Secretary  was  instructed  to 
send  out  the  usual  letter  ballots. 

The  report  of  the  Nominating  Committee,  F.  L.  Sizer,  John  Heron  and 
E.  H.  Wilson,  was  received  and  approved.  The  following  is  the  list  of 
candidates  selected:  James  M.  Page,  of  Twin  Bridges,  President;  Maurice 
S.  Parker,  of  Great  Falls,  First  Vice-President;  Forrest  J.  Smith,  of  Helena, 
Second  Vice-President;  Albert  S.  Hovey,  of  Helena,  Secretary  and 
Librarian;  James  S.  Keerl,  of  Helena,  Treasurer  and  member  of  the  Board 
of  Managers  of  the  Association  of  Engineering  Societies,  and  Edward  R. 
McNeill,  of  Boulder,  Trustee  for  three  years. 

The  meeting  at  Butte  next  month  promises  to  be  largely  attended.  A 
Committee  on  Arrangements  will  be  appointed  by  the  President  to  arrange 
the  details  of  the  coming  session. 


Civil  Eng-ineers'  Club  of  Cleveland. 


Cleveland,  December,  14,  1897. — The  regular  meeting  of  the  Club 
was  held  in  Case  Library  on  Tuesday,  December  14,  at  7.45  P.M.,  President 
Ritchie  in  the  chair.     Present,  forty-two  members  and  ten  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  President  appointed  Messrs.  L.  Herman  and  A.  A.  Skeels  tellers 
to  canvass  ballots,  and  on  receiving  their  report  in  due  form  he  declared 
Lehman  Benjamin  Hoit  elected  an  active  member  of  the  Club. 

The  report  of  the  Executive  Board  referred  briefly  to  the  death  of 
Forrest  A.  Coburn,  late  Secretary  of  the  Club,  which  occurred  on  Decem- 
ber 1st  inst.,  and  recommended  that  suitable  action  be  taken  thereon. 
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The  Board  reported  favorably  upon  the  application  of  Stanley  R. 
Greene  for  active  membership,  and  his  application  was  read  by  the  Secre- 
tary. 

The  letter  of  resignation  of  Cecil  L.  Saunders,  active  member,  was 
reported  received.     The  Board  would  act  upon  this  at  its  next  session. 

The  Secretary  announced  the  receipt  of  the  following  books  and  papers: 
Vol.  XVIII  of  the  Transactions  of  the  American  Society  of  Mechanical 
Engineers,  from  their  Secretary,  Prof.  F.  R.  Hutton,  of  New  York,  a 
valuable  contribution  to  our  library;  six  numbers  of  "Water  Supply  and 
Irrigation  Papers,"  5-1 1,  of  the  United  States  Geological  Survey,  from  Mr. 
F.  H.  Newell,  Washington,  D.  C,  and  the  presidential  address  of 
Prof.  Mansfield  Merriman  before  the  Society  for  Promotion  of  Engineer- 
ing Education,  August  20,  1896;  also  a  paper  by  the  same  author,  on 
Probability  of  Hit  when  Probable  Error  of  Aim  is  Known,  in  Artillery 
Practice." 

The  President  appointed  J.  R.  Richardson.  C.  W.  Hopkinson  and  Jos. 
C.  B.  Beardsley  a  committee  to  prepare  suitable  resolutions  upon  the  death 
of  Mr.  Coburn. 

The  President  gave  notice  that,  the  office  of  Secretary  being  vacant,  an 
election  by  ballot  would  be  held  at  the  next  regular  meeting  to  fill  said 
vacancy  for  the  unexpired  term,  and  that  nominations  w^re  now  in  order. 

Mr.  Osborn  nominated  W.  H.  Searles.  This  was  seconded  by  Mr. 
Oldham,  and  there  were  no  other  nominations  made. 

The  Secretary  announced  that,  in  accordance  with  the  calendar  of  the 
Club,  there  would  be  a  semi-monthly  meeting  on  the  28th  of  December, 
at  which  time  a  paper  by  Mr.  C.  G.  Force  was  expected.  Mr.  Porter,  for 
the  Program  Committee,  begged  leave  to  state  that,  as  Mr.  Force  would 
not  be  able  to  have  his  paper  ready  by  that  date,  Mr.  Newman  would  pre- 
sent his  paper,  postponed  from  the  9th  of  November  last. 

The  Club  then  listened  to  the  paper  of  the  evening,  on  "Boilers,"  by 
I\Ir.  John  P.  Johnston,  active  member.  The  author  compared  various  types 
of  boilers  as  adapted  to  different  purposes,  treated  of  boiler  specifications, 
of  the  use  and  abuse  of  boilers  in  practice  and  of  their  possibilities  in  the 
future. 

An  animated  discussion  ensued,  which  was  participated  in  by  Messrs. 
Raynal,  Oldham,  Newman,  Benjamin  and  Johnston.  By  invitation,  Mr. 
C.  A.  Burwell  addressed  the  Club  on  the  same  topic. 

On  motion,  the  President  was  empowered  to  sign  the  records  of  previ- 
ous meetings  left  unsigned  by  Secretary  Coburn. 

The  Club  adjourned  at  9.30  to  partake  of  a  light  luncheon. 

Wm.  H.  Searles,  Secretary  pro  tern. 


Cleveland,  December  28,  1897. — Special  meeting  held  in  Case 
Library. 

The  meeting  was  called  to  order  at  8  o'clock  p.m.;  President  Ritchie  in 
the  chair;  present,  thirty-five  members  and  six  visitors. 

Minutes  of  the  last  meeting  were  read  and  approved. 

The  letter  of  resignation  of  Mr.  Wm.  C.  Jewett  as  Director,  on  account 
of  his  removal  from  town,  was  read,  and,  on  motion,  his  resignation  was 
accepted.  Nominations  for  Director,  to  fill  the  vacancy,  being  in  order, 
Mr.   Coffin   nominated   Mr.  Joseph   R.   Oldham;    Mr.    Gobeille  nominated 
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Mr.  August  A.  Ilonsberg,  and  the  nominations  wore  closed.     Ballots  to  be 
canvassed  at  the  next  regular  meeting. 

The  paper  of  the  evening,  on  "Construction  of  Ships  for  Service  on 
the  Great  Lakes,"  was  then  read  by  ]Mr.  Richard  L.  Newman,  active 
member. 

The  paper  was  illustrated  bj'  numerous  drawings  and  charts,  and  treated 
of  the  methods  by  which  modern  ships  are  given  greater  strength  in  cross- 
section  without  increasing  the  weight  or  depth,  thus  permitting  the  design 
of  vessels  of  much  greater  length  and  tonnage  than  were  thought  possible 
a  few  years  ago.  The  proper  location  of  the  machinery,  as  affecting  the 
strength  of  the  hull,  was  considered. 

The  discussion  was  by  Messrs.  Oldham,  Raynal,  Cowles,  Johnston  and 
Ritchie,  members  of  the  Club,  and  by  Capt.  John  F.  Tuttle  and  Mr.  John 
W.  Seaver,  visitors.     Adjourned.     A  light  luncheon  was  served. 

\Vm.  H.  Searles,  Secretary  pro  tern. 


Boston  Society  of  Civil  EnjiiiH'crs. 

November  17,  1897. — A  regular  meeting  of  the  Society  was  held  at 
Chipman  Hall,  Tremont  Temple,  Boston,  at  8  o'clock,  p.m.;  President 
Dexter  Brackett  in  the  chair,  127  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Thomas  S.  Burr,  Edward  F.  Miller  and  Charles  G.  Waitt  were 
elected  members  of  the  Society. 

The  President  announced  the  death  of  Thomas  Doane,  a  past  president 
of  the  Society,  which  occurred  on  October  22,  1897,  and,  on  motion,  the 
President  was  requested  to  appoint  a  committee  to  prepare  a  memoir.  The 
committee  appointed  consists  of  Messrs.  Desmond  Fitzgerald.  C.  Frank 
Allen  and  Charles  A.  Pearson. 

The  thanks  of  the  Society  were  voted  to  the  Boston  Transit  Commis- 
sion for  courtesies  extended  this  afternoon,  on  the  occasion  of  the  visit  to 
the  subway. 

Mr.  Frank  A.  Barbour  then  read  the  paper  of  the  evening,  entitled 
"The  Strength  of  Sewer  Pipe  and  the  Actual  Earth  Pressure  in  the 
Trench."  The  paper  was  very  fully  discussed  by  Messrs.  F.  H.  Snow,  T.  H. 
Barnes,  Henry  Manley  and  F.  C.  Coffin,  of  the  Society,  and  by  Messrs. 
J.  A.  Baldwin  and  B.  W.  Robinson,  of  Akron,  Ohio:  E.  W.  Buel,  of  the 
Barberton,  Ohio;  E.  B.  Winslow,  of  Portland,  Me.;  G.  C.  Dunn,  of  Boston, 
and  H.  P.  Eddy,  of  Worcester,  Mass.     Adjourned. 

S.  E.  TiNKHAAr,  Secretary. 


December  15,  1897. — A  regular  meeting  of  the  Society  was  held  at 
Chipman  Hall,  Tremont  Temple,  Boston,  at  8  o'clock  p.m.;  Vice-President 
C.  Frank  Allen  in  the  chair,  82  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  death  of  William  C.  Hall,  a  member  of  the  Society,  w^as  announced, 
and  the  President  was  requested  to  appoint  a  committee  to  prepare  a 
memoir.  The  President  has  named  as  members  of  that  committee  Messrs. 
N.  S.  Brock,  B.  T.  Wheeler  and  J.  L.  Woodfall. 
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yir.  Frank  P.  McKibbcn  was  then  introduced,  and  read  a  paper,  entitled 
"The  Erection  of  Metallic  Bridges."  The  paper  was  very  fully  illustrated 
by  lantern  slides.  The  discussion  which  followed  the  reading  of  the  paper 
was  participated  in  by  Messrs.  J.  P.  Snow,  B.  ^\'.  Guppy,  H.  J.  Howe  and 
H.  K.  Fliggins.     Adjourned. 

S.  E.  TiNKH.\.M,  Secretary. 


Engineers'  Cliil)  of  St.  Louis. 


463D  AIeetixg,  December  15,  1897. — The  annual  dinner  was  held  at  the 
Southern  Hotel  at  8.30  p.m.  After  the  dinner  had  been  served,  the  meeting 
was  called  to  order  by  President  Flad.  There  were  thirty-nine  members 
and  six  visitors  present.  The  President  announced  that  the  result  of  the 
letter  ballot  for  officers  for  1898  was  as  follows:  President,  Wm.  H.  Bryan; 
Vice-President,  B.  H.  Colby;  Secretary,  Richard  McCulloch:  Treasurer, 
Thos.  B.  McMath;  Librarian,  E.  J.  Jolley;  Directors,  Edward  Flad,  John  A. 
Laird.  [Members  of  the  Board  of  Managers  of  the  Association  of  Engineer- 
ing Societies,  J.  B.  Johnson,  Arthur  Thatcher. 

The  proposed  amendment  to  the  constitution  had  been  carried  by  a  vote 
of  91  for  the  amendment  and  8  against  it. 

President  Flad  then  addressed  the  Club,  giving  a  resume  of  the  work  of 
the  year.  He  then  introduced  the  new  President,  Mr.  Wm.  H.  Brvan,  who 
presided  during  the  remainder  of  the  evening.  j\lr.  Bryan  made  an  address 
in  taking  the  chair,  in  which  he  outlined  some  of  the  plans  for  the  next  year. 

Col.  E.  D.  Meier  then  responded  to  the  toast,  "The  Engineer  Socially 
Considered."  He  gave  a  humorous  account  of  the  origin  of  engineers  and 
engineering,  and  advised  engineers  to  devote  more  attention  to  the  social 
side  of  life. 

'^[r.  AL  L.  Holman  responded  to  the  toast.  ''\\"anderings  Abroad."  He 
gave  an  account  of  a  recent  trip  to  Germany,  his  remarks  being  replete  with 
humor  and  wisdom. 

The  toast  of  "Early  Experiences"  was  responded  to  by  Mr.  Henry 
Branch.  The  ups  and  downs  of  the  young  engineer  were  the  subject  of  his 
remarks. 

Air.  F.  A.  Abbot  then  addressed  the  Club  on  the  subject  of  ''The 
Engineer  as  a  Contractor."  After  remarking  on  llie  universal  suspicion 
which  seems  to  attach  itself  to  the  contractor,  he  prophesied  the  approach 
of  a  golden  age,  when  all  contractors  would  be  engineers,  and  all  extra 
w^ork  bills  would  be  paid  without  question. 

Informal  remarks  were  then  made  by  Prof.  J.  B.  Jchnson  and  Prof. 
C.  AI.  Woodward,  after  which  the  meeting  adjourned. 

RiCH.ARD  AIcCuLLOCH,  Secretary. 


Tin*  Detroit  Eiiyiueeriiig-  Soeietv 


Detkoit.  Mich.,  December  16,  1897. — The  regular  monthly  meeting 
was  held  at  the  Hotel  Ste.  Claire,  President  Jesse  AI.  Smith  presiding,  and 
thirty-five  mtMubers  and  thirteen  visitors  present. 

The  paper  of  the  evening  was  presented  by  Wm.  AI.  Folger,  Comman- 
der L'nited  States  Xavy.  member  American  Society  Mechanical  Engineers, 
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on  ''American  Armor  for  Vessels  of  War,"  and  was  extensively  illustrated 
by  photographs  of  results  of  armor  tests.  The  paper  elicited  many  ques- 
tions from  members,  which  were  extensively  considered  by  the  author.  The 
discussion  was  participated  in  by  Messrs.  Dunlap.  Wilkes.  Smith,  Courtis, 
McMath,  Field,  Schaub,  Williams  and  Dow. 

The  application  of  Mason  L.  Brown  having  been  reported  upon  favor- 
ably by  the  Executive  Committee,  he  was  elected  to  resident  membership 

An  invitation  was  received  from  the  JNlichigan  Engineering  Society  to 
participate  in  the  annual  convention  at  Port  Huron,  December  28  to  30, 
1897,  and  the  Secretary  instructed  to  extend  the  thanks  of  the  Society  for 
the  courtesies.  Four  candidates  were  proposed  for  resident  membership, 
and  referred  to  the  Executive  Committee.  The  following,  to  be  known  as 
By-Law  IV,  was  adopted: 

"Persons  proposed  for  membership  who  do  not  unite  with  the  Society 
within  six  months  of  their  election,  shall  be  considered  as  never  having  been 
proposed,  provided  they  shall  be  notitied  in  writing  of  this  By-Law  at  least 
thirty  days  before  the  termination  of  this  period." 

Adjourned. 

Gardner  S.  WrLi.rvMS,  Sccrctarw 


Meeting  of  the  Executive  Committee  held  December  16,  1897.  Four 
members  present.  Bills  amounting  to  S12.70  for  printing.  Journals  and 
postage  were  audited  and  ordered  paid. 

Application  for  membership  and  By-Law  referred  to  committee  at  last 
meeting  of  the  Society  were  approved  and  ordered  reported. 

Checks  of  form  suited  to  the  requirements  of  the  constitution  were 
ordered  printed.     The  following  was  adopted: 

Resolved.  That  all  bills  audited  by  this  committee  shall  be  endorsed  1)y 
the  chairman  of  the  meeting  at  which  they  are  audited. 

Adjourned. 

Gardner  S.  Willia^is,  Secretary. 
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